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This study investigated relationships between blue grouse 
(Dendragapus obscurus) winter habitat and blue grouse adaptive 
strategies and overwinter survival. Blue grouse metabolism, 
physical characteristics of use-trees and roost sites , 
microclimatic parameters at roost sites, daily winter energy 
costs, and specific energy-saving behaviors were studied . Blue 
grouse have a relatively low standard metabolic rate (SMR; 0.835 
ml o2 · g-1 · hr-1) and lower critical temperature in comparison to 
other northern tetraonids . Metabolic rate did not significantly 
increase from -5 to -20 C. Ambient temperature (Tal and the 
square root of wind speed were significantly correlated with 
metabolic rate . 
Xi i i 
Blue grouse selectively roosted in the largest Douglas-firs 
(Pseudotsuga menz iesii) and subalpine firs (~ lasiocaroa) 
during the day and night, respectively . All roost sites were 
typically adjacent to tree trunks in the lower 2/3 of trees . 
Nocturnal roosts provided greater canopy coverage and were 
located in continuous stands more often than diurnal roosts . Wind 
speeds were reduced by 63 and 85% at diurnal and nocturnal roosts , 
respectively . Douglas-firs provided exposure to solar radiation , 
protection from wind, and a food source during the day. Subalpine 
firs increased protection from the wind and provided near 
maximum canopy coverage at night. Nocturnal subalpine roost 
sites provided a 10% net energy savings in comparison to diurnal 
Douglas-fir roost sites. The average T a at the study area was 
with in the thermoneutral zone of blue grouse . 
The average field metabolic rate (FMR) of blue grouse 
measured with doubly-labeled water was about 1.4 times SMA, and 
was not influenced by weather. The proportion of FMR due to basal 
metabolism was twice that commonly assumed for other species , 
indicating the importance of microhabitat selection and relative 
inactivity by blue grouse in minimizing energy costs . Other energy 
saving behaviors included sunning , snow roosting, and walking 
uphill instead of flying . FMR measures (657 kJ·d-1) were within 
12% of the energy costs estimated from average microclimatic 
values , and within 5% of the energy assimilation by captive blue 
grouse. 
xiv 
Habitat selection by blue grouse, particularly microhabitat 
selection of roost sites , reflects active choices designed to 
min imize energy costs imposed by winter weather. This selection 




Blue grouse (Pendragapus obscurus) in the Intermountain West 
typically overwinter in open stands of Douglas-fir (Pseudotsuga 
menziesii) at elevations above 1830m (6000 ft) (Marshall 1946, 
Caswell 1954, Stauffer and Peterson 1982, Cade 1985) . This 
choice of winter habitat requ ires a vertical, fall migration into an 
extremely harsh environment , much in contrast to the behavior of 
most homeotherms. Consequently, the maintenance of a favorable 
winter energy balance by blue grouse represents an unique 
ecological situation and adaptive strategy. 
Fall migration by blue grouse onto wintering areas occurs 
between August and November, although some birds summer at 
these high elevations (Anthony 1903, Wing 1947, Marshall 1946, 
Bendell and Elliot 1967, Stauffer and Peterson 1982, Cade 1985) . 
Specific timing of migration varies among geographic areas with 
males and single females generally migrating prior to brood hens 
and young (Mussehl 1960, Bendell and Elliot 1967, Zwickel et al. 
1968) . Cade (1985), however, found that both sexes arrived at a 
wintering area in Colorado at similar times. Migration distances 
reported in these studies were up to 30 km, and Cade (1985) found 
that male grouse migrated farther than female grouse (median: 
10.6 km, range: 1.0-29.5 km, vs . median: 1.2 km, range: 0.1-28 km). 
Migration distances determined in these studies were from fall 
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recaptures and hunter returns of banded birds which may not have 
reached their wintering grounds . 
Wintering areas are characteristically snowbound, open stands 
of Douglas-fir on moderately steep, to steep upper slopes and 
ridgetops (Marshall 1946, Caswell 1954, Stauffer and Peterson 
1982, Cade 1985). Douglas-fir sites used most frequently have 
45-55% tree cover dominated by "wolf" trees (Stauffer and 
Peterson 1982) . These wolf trees , larger than the average 
Douglas-fir in the stand, have atypical shapes and dense foliage . 
Mixed stands of subalpine fir (~ lasjocarpa), lodgepole pine 
(~ contorta), spruce/fir (~ enqelmannii) and spruce/fir-
lodgepole pine while used, receive less use than Douglas-fir stands 
(Marshall 1946, Cade 1985) . Blue grouse in Colorado used both 
dense (900+trees/ha) and open (<1 OOtrees/ha) stands of second 
growth , mature, and old-growth conifers (Cade 1985) . 
Trees used by grouse for roosting and/or feeding (use-trees) 
often have substantial quantities of accumulated fecal matter at 
their base and are easily identified in both winter and summer 
(Stewart 1944, Wing 1947, Stauffer and Peterson 1982) . Beer 
(1943) and Wing (1947) described use-trees as usually being 
isolated, thickly branched Douglas-firs with dense growth. 
Stauffer and Peterson (1982) found that 94.7% of the use-trees 
which they located were Douglas-firs with dbh greater than 33 em. 
These trees were larger than non-occupied trees, and were located 
in small dense clumps within open stands (Stauffer and Peterson 
1982) . They believed grouse selectively favored "wolf" trees with 
dense foliage . Cade (1985) also found that Douglas-fir was used in 
greater proportion than its occurrence . 
The winter diet of Intermountain blue grouse is composed 
almost entirely of conifer needles and buds which are typically low 
in protein and high in calories and fiber (Beer 1943 , Stewart 1944, 
Marshall 1946, Remington 1984). Douglas-fir dominates (up to 
99%) the diet; spruces, pines, and true firs are used much less . 
Douglas-fir and lodgepole pine ranked first and second in feeding 
preference trials conducted by Remington (1984) . Blue grouse feed 
primarily in the upper 2/3 of trees and prefer 1-2 year old needles 
(Remington 1984) . Blue grouse in California exhibited similar 
feeding habits in white fir (.A. concolor) (Hoffman 1961) . Needles 
from the upper branches of white f ir had the highest protein 
content. 
Winter movements, activities , and behaviors of blue grouse 
have been largely determined from visual observations . Blue 
grouse appear to have limited winter home ranges, seldom venture 
to the ground for roosting or feeding , and may use the same tree 
for 3-4 continuous days. The median home range size of 12 female 
blue grouse was 3.0 ha (Cade 1985). Remington (pers. comm.) 
observed that blue grouse usually flushed only twice daily (at dawn 
to a feeding tree, and at dusk to a roost tree) and that they fed on 
the outer parts of branches and roosted adjacent to the tree trunk. 
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Hoffman (1961) believed roosting birds preferred the southerly 
exposed upper branches where insolation was higher. 
Post-summer mortality appears high in juveniles (young-of-
year) , but winter mortality may be low in both adults and 
juveniles . Major juvenile mortality was noted between fall and 
spring by Boag (1966) and Bendall and Elliot (1967); overwinter and 
fall mortality were not separated . Zwickel et al. (1975) estimated 
50-85% yearly juvenile mortality . In contrast, mortality rates of 
male yearling and adult blue grouse were estimated at 30 and 28%, 
respectively (Zwickel and Bendall 1967a, Lewis and Zwickel 1982) . 
No mortality occurred among transmittered grouse on the 
wintering grounds in Colorado, although significant juvenile 
mortality occurred during fall movements (Cade 1985) . 
Grouse begin to leave their wintering sites as early as late 
March as the snow melts on their breeding grounds (Heebner 1956, 
Harju 1974) . The diet of males remains primarily coniferous 
during the breeding period (Harju 1974, King and Bendall 1982) . 
This lack of dietary change suggests efficient utilization of a 
coniferous diet because the level of activity and associated energy 
demands increase with the breeding period. Efficient assimilation 
of the winter coniferous diet is further substantiated by the fact 
that fall and spring weights of blue grouse are similar (Harju 
1974) . The relationship between the blue grouse and its winter 
habitat is obviously complex , reflecting a necessary balance 
between energy intake and expenditure, and avoidance of predators. 
However, winter survival strategies and the significance of winter 
habitat undoubtedly encompass factors beyond food . 
The understanding of species-habitat relationships requires 
knowledge of the occupied environmental microhabitat and 
species-specific morphological , physiological , and behavioral 
adaptations used to achieve homeostasis (Calder and King 1974, 
King 1974). Therefore, a study of blue grouse and their winter 
habitat should ideally include a multidimensional approach which 
incorporates environmental , behavioral , and physiological factors . 
Integrating a knowledge of environmental characteristics of the 
winter habitat with a knowledge of physiological and behavioral 
characteristics of the birds themselves should provide a solid 
basis for explaining blue grouse wintering strategies and 
identifying the significantly important components of their winter 
habitat. 
The objective of this study is to determine those 
characteristics of their habitat and other adaptations of blue 
grouse which enable them to overwinter in what is perceived as a 
harsh , energy-demanding environment. Specific objectives were to 
1) determine the effects of temperature, wind speed, and solar 
radiation on blue grouse metabolism, 2) describe the physical 
characteristics of diurnal and nocturnal use-trees and associated 
roost sites , 3) determine the actual winter climatic conditions to 
6 
which blue grouse are exposed, 4) determine the daily energy costs 
of free-ranging blue grouse, and 5) identify specific blue grouse 
energy saving behaviors in winter. 
STUDY AREA 
The study area was located on the Cache National Forest in the 
Bear River Range of the Wasatch Mountains in northeastern Utah 
(Fig. 1 ). The primary study area was centrally located on a north-
south ridge 2.5 km east of Logan Peak and encompassed 
approximately 700 ha (Fig . 2). The forest was a subalpine fir-
Douglas-fir mix with a shrubby undergrowth which is classified as 
the ~ lasjocaroa climax series-Pseudotsuga menzjesjj phase 
(Mauk and Henderson 1984) . Topography varied from flat ridgetops 
to steep canyon faces and included all aspects. Elevations ranged 
from 2500 to 2950 m. The regional mean January temperature is 
-10 C, and the mean annual precipitation equals 102 em with 85% 
occurring from September through April, the majority as snow 
(Mauk and Henderson 1984) . The area is characterized by strong 
winter temperature inversions which result in 5-10 C higher 
temperatures at high elevations than those in valley bottoms 
(Wilson et al. 1975) . The study area was accessible by snow 




























d area map. General stu Y Figure 1. 
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Figure 2. Logan Peak study area, Logan, Utah. (Source: USGS, Logan 
Peak, Utah, 7.5 min quadrangle, 1969). 
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CHAPTER I 
TEMPERATURE, WIND, AND RADIATION EFFECTS 
ON BLUE GROUSE METABOLISM 
10 
The blue grouse inhabits snowbound, high-elevation areas in 
winter and subsists on a coniferous diet (Marshall 1946, Caswell 
1954, Cade 1985, Stauffer and Peterson 1985). Normal climatic 
conditions during winter include near-constant below freezing 
temperatures and windy conditions. Despite these conditions, 
winter mortality of blue grouse is believed to be minimal (Zwickel 
and Bendall 1967a, Lewis and Zwickel 1982, Cade 1985). Further, 
the data of Redfield (1973) and Harju (1974) imply that blue grouse 
maintain or gain weight during winter. Apparently blue grouse 
have the thermoregulatory capability to effectively cope with the 
energetic demands of their winter environment. Thermoregulation 
in adult blue grouse has not been previously investigated, however. 
Basic energetic information is integral to the understanding of 
blue grouse winter ecology. Determination of the effect of ambient 
temperature (Tal on blue grouse metabolism provides both a 
framework for study of their winter energy budgets, and a basis 
for summing and comparing to energy expenditures of their body 
processes. However, the incorporation of factors other than T a . 
namely solar radiation and wind, is necessary to better understand 
environmental effects on metabolism and energy requirements 
(Gessaman 1973b). 
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The objective of this study was to determine the effects of 
T a , wind speed, and solar radiation on blue grouse metabolism. 
This information was used to evaluate the physiological and 
behavioral thermoregulation of blue grouse during winter. 
METHODS 
Blue Grouse 
Seven blue grouse chicks were captured in the study area and 
adjacent brood-rearing habitat during the summer, 1984. Blue 
grouse hens and their broods were located with a trained hunting 
dog . If a hen flushed alone, a search for chicks was initiated in the 
immediate area. Recorded chick distress calls were sometimes 
played to lure the female back to the flush site. This approach 
increased the chance of locating a chick which responded to the 
hen's clucking . Chicks were captured either by the dog or by hand . 
After chicks began to flush with the hen, they were captured in 
trees with a telescoping noose pole (Zwickel and Bendall 1967b) . 
Ages of captured chicks were estimated at less than 1 week to 
approximately 6 weeks (Zwickel and Lance 1966, Redfield and 
Zwickel 1976) . 
A captive hen was isolated in a pen in the spring, 1986, after 
she was observed copulating . She produced 8 eggs; 4 were 
incubated in the lab and 4 were incubated in the nest by the hen . No 
eggs hatched in the incubator. Four chicks hatched in the nest on 1 0 
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June, after an incubation period of 26 days. The chicks were 
removed from the pen that day. All chicks were raised indoors 
following procedures outlined by Smith and Buss (1963) Lacher and 
Lacher (1965) and Lance et al. (1970) . Chicks were fed 
mealworms , chopped fresh lettuce, and commercial turkey starter 
(Pillsbury Turkey Starter, >24% protein) . Mealworms were 
gradually eliminated as consumption of turkey starter peaked . 
Fresh chopped lettuce was provided twice daily and water was 
available a.Q_ libitum . Groups of 2-3 chicks were raised in 
cardboard boxes (2 x 0.75 x 0.75 m) . They were handled extensively 
and allowed to run and fly about in a room 3 times daily. Heat was 
provided by a 1 00-watt light bulb during the day and a heating pad 
at night for the first month . The grouse were moved when they 
were about 2.5 months of age to the USU Green Canyon Ecology 
Research Center. Two to four grouse were held in separate outdoor 
pens (approximate size : 10 x 5 x 2 m) . Shelter and roosts were 
provided in each pen as was ad. ljbjtum Purina Game Bird 
Maintenance Chow (12.5% protein) and water. Douglas-fir branches 
were provided a..Q. !.i.b..i.ll.!.. during winter. 
Metabolism Measures 
a) Temperature 
The effect of T a upon juvenile blue grouse metabolism (n=6, 3 
male) was determined through indirect calorimetry by measuring 
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oxygen consumption (V02 ) with a Beckman G-2 paramagnetic 
analyzer in an open flow system. Each grouse was placed on a 
wooden perch (5 x 8 em) within a 1 0-liter, darkened , metal 
chamber inside a temperature controlled chamber. Sufficient room 
existed in the chamber that the grouse would not touch the metal 
sides, only the wooden perch . Air was drawn through the chamber 
by a diaphragm pump at 5-7 liters · min-1 which maintained oxygen 
concentration above 20 .00% within the chamber. The grouse were 
exposed to T as from 5 C to -22.5 C in winter and 20 C to 0 C in 
summer, in decreasing so increments. Temperature was decreased 
every 3 hours ; the initial hour of each test period served as an 
acclimation period . T a , gas stream temperature near the 
flowmeter (TI) , barometric pressure (BP) and flow rate (VE) were 
measured at each temperature . Metabol ism was measured in both 
fasted and fed (diet=1 00% Doug las -fir) grouse in winter, and 
fasted birds in summer. Metabolism trials were conducted from 
January-March in winter and during July in summer, 1985. A 
minimum of 15 minutes of stable vo2 was used for analysis. 
The thermoneutral zone was defined as that range of 
temperatures in which metabolism was minimal. The lower 
critical temperature (LCT) was the minimum temperature of that 
range below which metabolism increased for thermoregulation 
(Kleiber 1975). The standard metabolic rate (SMA) was defined as 
the metabolism measured within the thermoneutral zone while 
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grouse were at rest in a post-absorptive state (Lasiewski and 
Dawson 1967). 
b) Wind and Radiation 
The effects of wind and radiation upon the metabolism of 
fasted , adult blue grouse (n=7, 4 females) was determined through 
indirect calorimetry by measuring V02 with an Ametek S-3A-1 
oxygen analyzer in an open flow system. Weights of the grouse 
ranged from 1035-1425 g; x male = 1320 ±. 91 g, x female = 1085 ±. 
60 g. Grouse were exposed to wind in a 30 m long open circuit 
wind tunnel; outdoor air was drawn through the tunnel by an 
aircraft propeller driven with a variable speed d.c . motor. Solar 
radiation was simulated by 2 load-adjustable infrared lamps (R-
40 , 250W, clear-end , color temperature = 2500 K) placed 23 em 
above a clear Plexiglas frame containing a 1 em layer of distilled 
water. The water layer absorbed all radiation above 1400 nm and 
simulated the atmospheric vapor level at sea level (Gates 1966) . 
The working section of the tunnel was 2.6 x 1.2 x 1.2 m and was 
painted black except for 1 clear Plexiglas side which allowed . 
observation of the grouse. 
Wind speed was measured with a cup anemometer (Model No. 
6101 from R.M. Young Co.), radiation loads were measured with an 
Eppley Black and White Pyranometer (Model 8-48 , Climatronics 
Corporation), and both were connected to a Campbell Scientific CRS 
recorder (see Chapter Ill) . An adjustable rheostat which controlled 
15 
lamp intensity was calibrated with radiation loads measured at the 
back height of a roosting blue grouse. Wind speed was continually 
measured during metabolism trials . Grouse were exposed to 
radiant flux densities of 0, 200, 350, 520, and 750 W·m-2; wind 
speeds ranged from 0 to 2.75 m·s-1 and temperatures ranged from 
5 to -15 C. 
During a test period a grouse was placed in a 18 x 42 x 20 em 
cage. The cage was constructed of 0.3 em thick plexiglass on the 
top , bottom, and 2 opposite sides: 6.35 em and 0.63 em mesh wire 
covered the front and back sides, respectively. The grouse wore a 
modified falconer's hood ; a plastic bubble was attached anteriorly 
over the beak. Weight of the hood and plastic bubble was 19 g. The 
gas sample line, supported by the mesh wire, was connected to the 
front of the plastic bubble. A diaphragm pump located downstream 
drew air into the sample line from around the hood at a flow rate 
of 5-8 liters · min- 1 maintaining oxygen concentration above 
20 .00% within the bubble. T a• Tl, BP and VE were measured at each 
set of conditions during a metabolism trial. 
Grouse did not tolerate long periods of confinement in the 
cage while wearing a hood , particularly at wind speeds > 1.0 m·s-1. 
When upset, they typically flapped within the cage and pulled back 
in an attempt to dislodge the hood. Therefore, I concentrated on 
measurement of either the effects of wind or radiation upon 
metabolism because the sample sizes required to describe the 
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interactive effects of wind and radiation were unattainable. Each 
grouse was initially exposed to windless conditions followed by a 
set of increasing wind speeds, with subsequent return to the 
windless condition. Grouse were subjected to the different 
radiation levels in a random sequence. 
An adjustment period of 15 or more minutes was provided 
prior to data collection for any particular set of cond itions . If a 
grouse exhibited escape behavior (i .e. flapping within the cage), 
VO 2 was not measured until the bird returned to its previous 
baseline metabolism. A continuous 10 min period at physical rest 
was required for data analysis . 
Calculation of V02 in all trials was as follows : 
V02 (Vi * Fi02) - (Ve * Fe02) (1) 
V02 volume of oxygen consumed by the bird 
Vi volume of air flowing into the chamber 
converted to standard temperature and pressure 
(STP) 
Ve volume of air flowing out of the chamber 
converted to STP 
Fi02 volume fractional concentration of 02 in inlet 
air 
Feo2 = volume fractional concentration of 02 in outlet 
air 
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Vi and Ve are not equal despite a steady flow rate because the 
respiratory quotient (RQ; C02 production/02 consumption) does not 
equal one. Despite this , measurement of Vi is not necessary 
because a constant (K) can be used to account for the volume 
differences if the RQ is known or assumed (equations (2) & (3)) . 
V02 = ((Ve * .2093) - (Ve * Fe02)) * K (2) 
V02 = K * (Ve * (.2093 - Fe02)) (3) 
Body Temperature 
Body temperature (Tb) of 3 adult, male blue grouse (x weight = 
1330 ± 80 g) was measured with a transmitter (Model M disc, Mini-
Miller Co ., Inc .) implanted in the peritoneal cavity . The signals 
were received on an AM broadcast band and were timed with a 
stopwatch . Tb was calculated from known signal frequency-
temperature relationships . Tb was measured in wind speed trials 
and in the outdoor holding pens. 
RESULTS 
Metabolic rates of all grouse at a T a were averaged because 
the small number of subjects precluded an analysis of sexual 
differences . Metabolic rates recorded at similar conditions during 




The initial significant increase in metabolic rate with 
decreasing Ta occurred at -15 C for fasted blue grouse (E.. <0 .05; 
Table 1 ), although a visually definitive increase in metabolic rate 
was evident below -10 C (Fig. 3) . Therefore, the LCT of blue grouse 
lies between -10 and -15 C. The average SMR was 0.835 ml 02 · 
g-1 · hr-1 . The regression equation which describes the metabolic 
rate (MR ; ml 02 · g-1 · hr-1)- Ta relationship below -10 C was : 
MR = 0.700 - 0.016 Ta , R = 0.95 (4) 
The LCT and Tb predicted from this equation and the SMR were 
-8.4 and 43.7 C, respectively. The predicted LCT is equal to theTa 
when MR equals the known SMR (0.835). The predicted Tb equals 
the X-intercept or T a when MR is set to 0. At -22.5 C the MR was 
only 1.3 times SMR. 
Metabol ic rates of blue grouse fed Douglas-fir increased 12% 
from -5 to -20 C, however the increase was not significant (Table 
1 ). Conversely, a significant increase (E. < 0.05) in metabolic rate 
(20%) of fasted blue grouse occurred over this temperature range. 
Summer 
As T a was lowered , a significant increase (E.. < 0.05) in 
metabolic rate occurred at 5 C in the summer (Table 1 ). The rate 
of increase in metabolism was most abrupt at 10 C (Fig . 4). 
Therefore , the summer LCT lies between 5 and 10 C, although this 
was not graphically evident (Fig . 4) . The average SMR was 0.796 
Table 1. Metabolic rate (ml 02 · g·1 · hr-1) of 6 juvenile blue grouse (3 male) in summer and 
winter. 
Temperature (C) Summer-fasted 
20 o. 758 ± .o82b 
15 0.792 ± .064 
1 0 0 .838 ± .069 
5 0.940 ± .085 
0 0 .945 ± .090 
-5 




x wgt. (g) 1028 
aoiet was 100% a.d.l.i..b.i1l.!m. Douglas-fir. 
bstandard deviation of the mean. 




B 0.769 ± .039 A 
B 0.842 ± .042 AB 
0.854 ± .032 AB 0.810± .105 
0.875 ± .032 AB 0.836 ± .125 
0.919 ± .055 BC 0.863 ± .089 
1.021 ± .055 c 0.908 ± .072 
1.072 ± .055 D 
1173 1230 
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Figure 4. Relationship of metabolic rate to ambient temperature in 
blue grouse during summer. 
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ml 02·g-l·hr - 1; 5% lower than the winter SMR. The regression 
equation which describes the MR - T a relationship below 10 C was : 
MR = 0.961 - 0.011 T a , R = 0.57 (5) 
The LCT and body temperature predicted from this equation and 
SMR were 15.0 and 87.4 C, respectively . 
Incident Radiation 
Metabolic rate was measured in 69 trials at combinations of 4 
incident radiations (IR) and 4 T as (Table 2) . The relationship 
between MR and IR when Ta is held constant was linear only at -10 
and -15 C. MR and IR were not significantly correlated at 0 and 
-5 C. 
MR and T a were linearly related at radiation levels of 350 and 
520 W·m -2 , but were not significantly correlated at 250 and 750 
W·m-2 . The slopes of the regressions at 350 and 520 W·m-2 were 
not significantly different (.E_ < 0.05). 
Multiple regression analysis of MR , T a • and IR (where n=2 or 
more, Table 2) resulted in the relationship : 
MR =1 .04 - 0.0003 IR - 0.025T a· (R = .84) (6) 
Both predictor variables were significantly correlated with M R (.E_ 
<0 .05) . The correlation coefficient was equal to that computed for 
MR and IR at · -10 and larger than that at -15 C (R = .81) . 
Table 2. Average metabolic rates (ml 02 · g·1 · hr-1) of blue grouse exposed to different 
incident radiations (W · m-2) and temperatures (C) . 
Incident 




0 1.081 ±.0.117a 1 . 1 84 ±. 0.171 1 .178 ±. 0.204 1.513±.0.164 
(19)b (13) (20) (7) 
200 0 .970 ±. 0.061 1 .161 1.080±.0.121 1 .342 ±. 0.261 
(2) ( 1 ) (3) (3) 
350 0 .844 ±. 0.110 1.098±.0.146 1 .11 9 ±. 0.196 1.408 ±. 0.176 
(2) (5) (9) (3) 
520 0 .890 ±. 0.061 1.023±.0.118 1.054 ±. 0.161 1.280 ±. 0.166 
(5) (4) ( 11 ) (4) 
750 0.846 ±. 0.139 1 .121 0.981 ±. 0.146 1 . 11 8 ±. 0.103 
(2) (1) (9) (5) 
a standard deviation. 





Metabolic rate was measured in 145 trials at combinations of 
10 wind speeds and 5 T as (Table 3) . The highest metabolic rate 
(2.7 x SMA) was measured at the coldest, most windy condition 
(-15C , 2. 75 m·s-1 ). Effects of wind were evident, however, even at 
the lowest wind speed, 0.5 m·s-1 . 
MR and the square root of wind speed were linearly correlated 
at all T as. and MR and T a were linearly correlated at all wind 
speeds (Fig . 5 and 6) . Slopes of regressions within the first 
category were not significantly different (f. < 0.05) , although some 
of the y-intercepts (i .e., where wind speed = 0) differed. None of 
the slopes or y-intercepts in the latter category (i .e., MR and T a) 
were different at wind speeds above 0 C. Therefore, the 5 separate 
equations which represented each wind speed were combined and 
the average relationship between MR and T a at all wind speeds was : 
MR = 1.357 - 0.023T a. (R = 0.82) (7) 
The equation obtained from a multiple regression analysis of 
MR from T a and the square root of wind speed (u) (where n=2 or 
more, Table 3) was: 
MR =1.058 + 0.269u0.5 - 0.024Ta. (R = .86) (8) 
Both predictor variables were significantly correlated with MR (f. < 
0.05). The correlation coefficient of this equation was greater 
than 5 of the 10 individual equations (see figures 3 and 4) . 
Table 3. Average metabolic rates (ml 02·g-1·hr-1) of blue grouse exposed 
to different wind speeds (m·s-1) and temperatures (C) . 
Temperature 
Wind Speed 5 0 - 5 -10 -15 
0 0.953±.0.216a 1.081±_0.1 17 1.184±_0.1 71 1.178±_0.204 1.513±_0.164 
(2)b (19) (13) (20) (7) 
0 .50 1.231 1.437±_0.148 1.471±_0.214 1.614±.0.170 
(1) (6) (8) (4) 
0.75 1.207±_0.067 1.289±.0.449 1.371±.0.154 1.355±.0.190 1. 718±.0.021 
(2) (2) (7) (4) (4) 
1 .00 1.282 1.297±_0.124 1.500±.0 .341 1.512±_0.1 08 1. 620±_0.11 5 
(1) (1 0) (5) (3) (6) 
1.25 1.232 1 .399±_0.18 7 1.384±_0.158 1.548±_0.225 
(1) (5) (4) (7) 
1.50 1.294 1.406±_0.153 1.610±.0.119 1.555±.0.1 06 1. 948±.0.11 6 
(1) (13) (3) (4) (5) 
1.75 1.456±.0.079 2 .04 2 .145 
(2) (1) (1) 
2 .00 1.382 1.526±_0.061 1.476±_0.170 1.667±.0.144 1.866±_0.0 14 
(1) (5) (3) (6) (2) 
2.25 1.4 77 +0.234 1 .943 
(3) (1) 
2 .50 1.362 1.464±_.061 1.604±_.291 
(1) (6) (3) 
2.75 1.388 2.324 
(1) (1) 
aMean and standard deviation. 
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Figure 5. Relationship of metabolic rate to the square root of wind 
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Figure 6. Relationship of metabolic rate to ambient temperature at 
5 wind speeds in blue grouse during winter. 
"' ..... 
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Blue grouse Tb averaged 39 .5 C and the range was less than 
2 C. Tb · varied from 38.4-40 .2 C at -15 C during wind speed 
metabolism trials . The lowest Tb measured did not occur at the 
strongest wind . Therefore , blue grouse were able to 
thermoregulate at all environmental conditions in this study. 
DISCUSSION 
The winter SMR of blue grouse was very close to that predicted 
by Aschoff and Pohl (1970), but higher than that predicted by other 
researchers (Table 4) . Blue grouse had lower SMR's in relation to 
predicted values than certain other northern tetraonids , with the 
exception of ruffed grouse (Bonasa umbellus) (Table 4) . SMR of 
birds from cold climates tend to be higher (Kendeigh et al. 1977), 
and corrections based on latitude (Weathers 1979) better align 
measured and predictive SMRs of certain northern species (e.g. 
willow ptarmigan [Lagooos lagopusl, Table 4) . Blue grouse, 
although occurring at relatively high latitudes (60 N), do not 
appear to conform to a latitude corrective rule . Therefore, the 
relatively low SMR of blue grouse in comparison to other northern 
tetraonids may represent a significant physiological adaptation . 
The winter LCT of blue grouse was extremely low in 
comparison with other tetraonids (Table 4). The lowest LCT 
previously reported for a tetraonid was -6 .3 C for willow 
ptarmigan (West 1972) . The large size, obtuse shape, small 
head, short bill, and short legs of blue grouse facilitate 
Table 4. Standard metabolic rates (SMR, kJ·d -1) and lower critical temperatures (LCT) 
of blue grouse and other northern tetraonids during winter. 
Species Wgt (g) 
Blue grouse 
(this study) 1100 
Ruffed grouse 644 
(Rasmussen 
and Brander 1973) 





Black grouse 931 
(Rintamaki 
et al. 1983) 
asMR = 10 wo.75 (kg) . 
bSMR = 78.3 w0.73 (kg). 







d ( ) = (measured/predicted x 1 00) - 100. 
Predicted SMR 
Measured Lasiewskl & 
SMR Kleiber (1975)a Dawson (1967)b 
433 315 (+37)d 351 (+23) 
193 210 (-B) 238 (-19) 
296 156 (+90) 179 (+65) 
295 197 (+50) 224 (32) 











thermoregulation. The large size of blue grouse distinguishes it 
from most other tetraonids , particularly ptarmigan species . 
Thermoregulation is more efficient in larger birds due to low 
surface :volume ratios . The validity of the measured winter LCT is 
supported by the relatively close agreement between Tb (43 .5 C) 
predicted by equation 4 and the measured Tb (39.5 C). 
The existence of seasonal shifts in SM R which lower energy 
requirements during energy-deficient periods has been recognized 
in many mammals (McNab 1974) , and has been proposed by 
Weathers and Caccamise (1978) for birds over 200g . Rintamaki et 
al. (1983) , in a review of West (1972) and Kendeigh et al. (1977), 
found that among tetraonids, willow ptarmigan, capercaille (I..e.1r..a.Q 
urogallus) , gray partridge (.EJw:l..ix ll.fllii.ix), and rock partridge 
(Aiectoris ~) had lower SMRs during winter. Norwegian rock 
ptarmigan (Lagopus mutus), Svalbard ptarmigan (L. m..., 
hyperboreus), and Norwegian willow ptarmigan also have lower 
SMRs in winter (Mortensen and Blix 1986) . The winter SMR of blue 
grouse , in contrast, was 5% greater than its summer SMR. 
Similarly, black grouse (Lyrurus t.e..tr.ix) had a 9% higher winter SMR 
(Rintamaki et al. 1983). Therefore, blue grouse do not have the 
perceived energetic adaptation of a lowered winter SMR as do 
many other northern tetraonids. 
Metabolic heat produced during digestion raises the metabolic 
rate above that measured during fasted conditions. This extra 
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heat, termed the heat increment, is wasted at thermoneutral 
conditions (i.e ., it does not reduce the SMR), but can substitute for 
the heat required for thermoregulation below the LCT. This 
substitution , in effect, extends the thermoneutral zone to lower 
T as. Robbins (1983) , however, cautioned that this process is 
little understood and its effect may be short-lived . The average 
metabolic rate of fed grouse was only 2% greater than that of 
fasted grouse. Droppings found in the chamber after all fasted 
metabolism trials suggested that blue grouse were not in a totally 
post-absorptive state after overnight fasting . More than 12 hr 
may be required to complete the fermentation of the contents in 
the normally enlarged ceca. However, the extension of the 
thermoneutral zone in fed birds (LCT was lowered 5 C or more , 
Table 1) is a significant reduction of the effect of temperature and 
associated energy requirements of blue grouse in winter. 
The SMRs of blue grouse wearing the hood apparatus were 
about 25% greater than those of grouse measured in a darkened 
chamber . Th is discrepancy was examined early in the trials by 
testing the accuracy of the gas sample collection system, and by 
measuring the SMR of a grouse in a darkened chamber immediately 
after measuring SMR in a wind speed trial. The SMR in the chamber 
was equivalent to those measured in the earlier T a chamber trials . 
The MR increase of hooded grouse can be explained by two factors: 
stress and the energy cost of standing . As noted earlier, the 
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grouse did not tolerate the hood apparatus for long periods (e.g., 1-
4 hr) , and the birds normally stood during windless conditions 
rather than assuming a roosting position . The energy cost of 
standing in birds averages 13.6% higher than the cost of sitting 
(Robbins 1983) . Webster (1985) believed that postural 
adjustments could account for 40-50% of the increased thermal 
resistance of birds at T as below the LCT. Despite the difference in 
SMR measured with the hood and chamber, the initial significant 
difference in MR occurred at -15 C with both methods. Therefore, 
equation 8 which predicted MR from T a and wind speed could be 
modified by replacing the artificial constant (i .e. SMR) of 1.058 
with the known SMR of 0.835 which was measured in a darkened 
chamber. This modified equation is equal to : 
MR = 0.835 + 0.269u0.5 - 0.024T a (9) 
In effect, this replacement would retain the interactive effects of 
T a and wind and make these effects additive upon the true SMR. 
Incident rad iation provided energy savings at -10 and -15 C, 
but not at thermoneutral temperatures (5 and 0 C) , as would be 
expected . At Tas below the LCT (-10 and -15 C) the MR reductions 
at 750 W·m-2 were 17 and 26%, respectively. The MR at -15 C 
with 750 W·m -2 was similar to the SMR. Therefore, incident 
radiation of 750 W·m-2 extended the thermoneutral zone to -15 C, 
and an incident radiation of 520 W·m-2 at -15 C reduced MR to 
approximately 1.1 times SMR. 
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Similar reductions in energy expenditure below the LCT due to 
incident radiation have been reported for other birds including 
albino zebra finches (Poephila castanotis) (Hamilton and Heppner 
1967) , cowbirds (Molothrus ~ obscurus) (Lustick 1969), white-
crowned sparrows (Zonotrichia leucophrys gambelli) (DeJong 
1976) , roadrunners (Geococcyx californianus) (Ohmart and 
Lasiewski 1971) , as well as American kestrels (.Eali<.Q. sparyerius} , 
red-tailed hawks (~ jamaicensis} , and golden eagles (Aru.!..i..l.a 
chrysaetos) (Hayes and Gessaman 1980) . Dark colored birds 
typically realize the greatest reduct ions in metabolism (Lustick 
1969, Heppner 1970) . However, the advantage of dark plumage is 
lessened with increased convection and piloerection of light 
colored feathers (Walsberg et a/. 1978) . The absorptivity of solar 
rad iation is also greatly influenced by a bird's posture and 
orientation (Lustick 1980) . Obviously , many behav ioral and 
morphological factors allow eff icient absorption of solar 
radiation . Blue grouse are undoubtedly capable of utilizing solar 
radiation for the ir thermoregulatory benefit during winter. 
The effect of wind speed on metabolism has been expressed as 
a linear function of both wind speed and the square root of wind 
speed . Linear relationsh ips with the square root of wind speed 
have been reported for snowy owls (~ scandjaca) (Gessaman 
1972), white-crowned sparrows (Robinson et a/. 1976), starlings 
(Sturnus vulgaris) (Kelty and Lustick 1977) , American goldfinches 
(Cardueljs t.r.i..s.m) (Buttemer 1981 , from Goldstein 1983), Gambel's 
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quail (Calljpepla gambelii) (Goldstein 1983). and domestic fowl 
(~ domesticus) (Mitchell 1985, Tzschentke and Nichelmann 
1986). Goldstein (1983) , however, has cautioned against the use 
of the square root of wind speed for all species . The linear 
relationship for blue grouse is best expressed with the square root 
of wind speed since the wind speed---MR relationship had a lower R 
value (0 .81) and a higher SMR. 
Surprisingly, the slope of blue grouse MR did not increase as T a 
decreased, which is the normally observed pattern (Goldstein 
1983) . However, MR always increased in accordance with higher 
wind speeds at any T a · Half of the studies described in Goldstein's 
(1983) review paper used only 2 T as, statistical differences 
between slopes were not always evident, and T as were below the 
LCT. Blue grouse, on the other hand, were tested at 3 T as above the 
LCT, a relatively poor R value (0 .65) was found at -15 C, and 
only minimal heat loss may have occurred around the head due to 
the hood. Significant heat losses likely occur around the head at 
low T as. although the birds were observed to minimize head 
exposure by withdrawing their head downward at stressful 
temperatures within the chamber. Thus, reduced heat loss due to 
the hood may only have offset the reduced heat loss which normal 
postural adjustments provide. 
Predicted MRs from the unmodified (8) and modified (9) 
multiple regression equations differed an average of 4.1% and 
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14.6%, respectively , from the observed values at wind speeds of 
0.5-1 .5 m·s-1 within a T a range of 0 to -15 C. The MRs predicted 
by these equations at 1.5 m·s-1 wind speed and -15 C were only 2 
and 1.8 times SMR, respectively . Red-tailed hawks , nearly 
identical in size to blue grouse, expended energy at 4.2 times SMR 
at 13.4 m·s-1 and -17 C (Hayes and Gessaman 1980) . In 
comparison, at these conditions equation (9) predicts that the MR 
of blue grouse would only be approximately 3 times SMR. The 
reliability of equation (9) at these conditions is suspect because 
non-linear relationships are common at cold temperatures and high 
wind speeds (e.g., 5 m·s-1) because of wind penetration to the skin 
(Kelty and Lustick 1977, Hayes and Gessaman 1980) . However, of 
more importance is the fact that wind speeds even as high as 1.5 
m·s-1 are rare within a coniferous canopy (Chapter Ill) . 
The SMR is the minimal energy requirement of blue grouse in 
winter . In combination with food consumption and assimilation 
data, MR can provide insights into the winter energy balance of 
blue grouse . Daily consumption rates and assimilation of Douglas-
fir by captive blue grouse kept in digestive cages averaged 86.6 g 
dry matter (OM) and 7.41 kJ·g-1 OM which provide 641.4 kJ daily 
(Remington 1986) . The caloric equivalent of the SMR is 433 .5 kJ 
daily (1 liter 02=19 .7 kJ) . Therefore, the daily energy assimilation 
by captive birds equals 1.5 times SMR. This metabolic rate would 
sustain a blue grouse at -10 C in 0.35 m·s-1 winds as predicted by 
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equation (9) . Since rate of energy assimilation and rate of energy 
metabolism are equal when body weight remains constant , blue 
grouse apparently are capable of realizing a significant positive 
energy balance. Furthermore, consumption rates by captive birds in 
confined cages are likely lower than those of birds in the wild 
because of differences in foraging and other activities (Moss 
1977), suggesting that the above estimates may be minimal. 
The field metabolic rate (FMR) , synonymous with the energy 
cost of free existence, has been estimated as 1.25 times the 
resting metabolic rate (RMR) for 49 species of taiga birds (West 
1971, from Gessaman 1973a) . The RMR is a measure which 
includes basal metabolism, thermoregulatory metabolism, and the 
heat increment. The RMR and FMR of blue grouse on a Douglas-fir 
diet at -15 C would be 448 .1 and 560 .2 kJ, respectively , using 
West's FMR estimate. Therefore, the Douglas-fir diet consumed in 
captivity (Remington 1986) would provide a 15% surplus above the 
estimated FMR. These predictions support the inferences by 
Redfield (1973) and Harju (1974) that blue grouse may gain weight 
during winter. 
Many northern tetraonids, including the large capercaille, 
regularly snow roost in order to occupy a favorable microclimate 
(for review see Korhonen 1980, Marjakangas et al. 1984). Although 
blue grouse occasionally snow roost, this behavior is not as 
common as it is in other grouse (Chapter V) . The lower frequency 
of snow roosting by blue grouse may be explained, in part, by the 
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apparent thermoregulatory superiority of blue grouse. Also, other 
tetraonids may not have coniferous roosting opportunities, and may 
experience more severe T as than blue grouse. 
The overwintering strategy of blue grouse at high elevations is 
much in contrast to the behavior of most homeotherms including 
many northern tetraonids . The thermoregulatory data presented 
here support this strategy and can be used to assess the energy 
requirements of blue grouse with known microclimatic conditions . 
Blue grouse have a relatively lower SMA than other northern 
tetraonids, a LCT of -10 C in darkness and at least -15 C at high 
solar radiations, and a reasonably high tolerance of the energy 
draining effects of wind . The thermoregulatory abilities of the 
blue grouse adapt it well for successful overwintering, and low 
winter mortality (Cade 1985) and weight gain during winter 
(Redfield 1973, Harju 1974) do not seem unreasonable from an 
energetic standpoint. 
CHAPTER II 
PHYSICAL CHARACTERISTICS OF BLUE GROUSE WINTER 
USE-TREES AND ROOST SITES 
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Winter habitat of Intermountain blue grouse consists of 
snowbound open stands of conifers on moderately steep, to steep 
upper slopes and ridgetops (Marshall 1946, Caswell 1954, Cade 
1985, Stauffer and Peterson 1985). Douglas-fir is the dominant 
winter food and may compose up to 95% of the diet (Beer 1943, 
Stewart 1944, Marshall 1946, Remington 1984). Beer (1943) , 
Stewart (1944) , and Wing (1947) believed that blue grouse 
selectively used Douglas-fir trees. This selectivity has since been 
documented from use-availability measures (Remington 1984, Cade 
1985, Stauffer and Peterson 1986) . Beer (1943) and Wing (1947) 
described use-trees as isolated Douglas-firs which had thick 
branches and dense growth . These trees, often termed "wolf" 
trees, are larger than the average Douglas-fir and generally have 
atypical shapes and dense foliage (Stauffer and Peterson 1982, 
Cade 1985). 
Blue grouse-winter habitat relationships are most often 
described singly in terms of food habits, although species-habitat 
relationships result from a complex interaction of morphology, 
behavior, and physiology of the birds (Calder and King 1974, King 
1974) . Although diurnal use-trees appear to be selected for the 
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food they provide, cover can also be of extreme importance in 
winter because of its moderating effects on weather . Trees used 
as roost sites may be chosen , in part, for a favorable microclimate 
(Stauffer and Peterson 1982, Cade 1985) . It seems reasonable that 
blue grouse should select certain trees for food value and others 
for cover qualities. Blue grouse have been observed to leave trees 
in which they were feeding at dusk (Remington , pers. comm.) . The 
physical characteristics of roost sites and trees used principally 
for nocturnal cover have not been previously described . The 
objective of this study was to describe the physical 
characteristics of diurnal and nocturnal use-trees and associated 
roost sites used by blue grouse during winter. 
METHODS 
The point sample method (Grosenbaugh 1958) was used to 
inventory vegetation of the study area. A 40-basal area-factor 
prism was used in the survey because the area was dominated by 
large trees. The area was inventoried along parallel transects 
65 m apart. Point samples (n = 216) were taken at 50 m intervals 
along the transects . Canopy cover at each point was the average of 
4 measurements made with a gridded densiometer. Cover readings 
were made parallel to the ground at waist level. 
Diurnal use-trees and roost sites were found by locating 
radio-collared and non-collared blue grouse during the winters of 
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1985 and 1986. Radio-collared grouse were captured during the 
winter with a telescopic noose pole (Zwickel and Bendel! 1967b) , 
and were fitted with a 25-30 g (<3% body weight) poncho-mounted 
radio transmitter (Amstrup 1980) . Grouse were located after 
0900 hr. Any tree from which a grouse was flushed or was 
observed in was considered a use-tree, but a site was categorized 
as a roost only if a roosting bird was observed (vs. standing) and it 
appeared in a non-alarmed state (e .g., crown feathers were not 
raised). 
Nocturnal use-trees and roost sites were identified from 
visual sightings of radio-collared birds . The general area within a 
tree in which a grouse roosted was determined by homing with a 
portable receiver and antenna. The tree was then searched with 
flashlights to find the bird. The site was flagged and the grouse 
left undisturbed. 
Physical measurements of use-trees included diameter at 
breast height (dbh) and height. Roost site measurements included 
roost height, distance from the tree trunk, dbh of the tree trunk 
adjacent to the roost, direction of the roosting branch, branch 
diameter, and percent canopy cover. Roost height was expressed as 
a percentage of the total height of the tree and both were 
corrected for snow depth . Canopy cover was estimated with a 
densiometer. Additionally, during the winter of 1987, a 180o fish-
eye lens (Sigma, 8mm, F4.0) was used with a 35 mm camera to 
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photograph the upper hemisphere of 56 roost sites to provide a 
second estimate of canopy cover. Photographs were taken when 
snow was not present in the trees . The camera was held directly 
on the roost sites parallel to the ground. High contrast negatives 
(16 em diameter) provided enhanced differentiation between open 
sky and canopy cover. Canopy cover at each site was measured 
from these negatives with a Ll -3100 Area Index Meter (LI-COR , 
Inc., Lincoln , Neb.). Chi-square and !-tests (f. < 0.05) were used to 
test for differences in use of trees and in physical characteristics 
of the trees. 
RESULTS 
The average basal area of trees in the study area was 19.5 m2 · 
ha - 1. Nearly one third of the sample points had no trees or had 
trees too small to be measured by the prism. Douglas-fir, 
subalpine fir , and Engelmann spruce represented 51, 47, and 2% of 
the basal area, respectively . The average canopy coverage was 
44%. An equal number of plots had canopy coverage above and 
below 50% (Fig. 7) ; 20% had less than 10% coverage. 
A total of 270 use-trees (47 nocturnal) was identified; 267 
were either Douglas-fir or subalpine fir. The 3 other use-trees 
were an Engelmann spruce (nocturnal) and 2 limber pines (~ 
~) (diurnal) . The use of Douglas-fir and subalpine fir (90 and 
70% of the diurnal and nocturnal use-trees, respectively) was 


















Figure 7. Distribution of canopy cover from point samples at the 
blue grouse winter study area, Logan Peak, Utah. 
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(Chi-square = 127 and 8.7, respectively) . The average dbh of all 
use-trees was significantly greater than the stand average of 
these species (Table 5) . Ninety percent of the Douglas-firs used by 
grouse had a dbh more than 35 em. Douglas-firs were significantly 
shorter and subalpine firs were significantly taller than the 
average inventory tree. Diurnal Douglas-fir use-trees were shorter 
than nocturnal Douglas-fir use-trees. 
Physical characteristics were measured at 161 roost sites 
(Table 6) . Diurnal and nocturnal roost sites were typically located 
in the lower 2/3 of trees close to large tree trunks. There was no 
significant prevalence in orientation of roost sites . Nocturnal 
roosts, however, had significantly greater canopy cover, and were 
located on smaller roost branches ; more were located adjacent to 
tree trunks than diurnal roosts . Seven Douglas-fir nocturnal roosts 
averaged 84% canopy cover, and 5 were located away from the tree 
trunk (x = 1.7 m). 
Canopy cover estimates from the fish-eye lens averaged 16% 
lower than the densiometer estimates : Douglas-fir and subalpine 
fir averaged 63 and 78%, and 79 and 96%, respectively . Only 50% of 
the measurements from the f ish-eye lens and densiometer were 
within 10% of each other. Canopy cover in subalpine fir was 
significantly greater than that of Douglas-fir with both methods, 
however. 
Table 5. Comparison of the diameter breast height (dbh) and height of 
trees used by blue grouse during winter with the average tree 
on the study area. 
Douglas-fir (Diurnal) Subalpine-fir (Nocturnal) 
Measure Use-tree Stand average Use-tree 
dbh (em) 65.o· ± 1.4a(200) 59.1 ± 1.3 47.5. ± 2.7(32) 
(20.0 - 139. 7) (18.8 98.1) 
height (m) 18.3. ± 0.4 19.4 ± 0.4 20.9. ± 1.3 
(18.7- 30.2) (8.3 - 37.0) 
avalues in the table are means ± SE (n) followed by (range) of use trees. 
•significant difference between use-tree and stand average (E. < 0.05). 
Stand average 
38.3 ± 1.0 
18.1 ± 0.4 
-<> 
-<> 
Table 6. Comparison of physical characteristics of diurnal and nocturnal winter 
roost sites of blue grouse. 
Douglas-fir Roosts Subalpine fir roosts 
Roost Characteristic Diurnal Nocturnal Diurnal Nocturnal 
127 7 5 22 
% cover (densiometer) 73 ± 2a 85 ± 4 91 ± 1 91. ± 2 
% in Southern hemisphere 55 43 0 36 
% in lower 213 of tree 87 100 100 91 
% adjacent to tree trunk 70 14 80 82 
ave. distance from tree 
trunk (m) 1.0 ± 0.3 (n=38) 1.7 ± 1.1 (n=5) 0.7 (n=1) 1.4 ± 0.7 (n=4) 
adjacent tree trunk dbh 38.5 ± 4.2 40.5 ± 5.8 29.1 ± 13.3 32.5 ±. 3.2 
branch diameter 8.8 ± 0.3 8.8 ± 1.2 4.2 ± 1.5 4.2 ±. 0.3 
asE 




Actual canopy cover values of roost sites are likely equal to 
some value between those determined from the 2 different 
methods of measurement. Small canopy openings within coniferous 
boughs were not distinguishable with the densiometer, and 
conversely, light colored cover (e.g., tree bark) was not always 
contrasted against the sky in the enlarged negatives. Therefore, the 
densiometer likely overestimated while the fish-eye lens 
underestimated canopy cover. The average winter cover values 
would actually be higher because snow is commonly trapped within 
tree canopies. 
The blue grouse wintering area was dominated by large 
Douglas-firs and subalpine firs in both clumped and fairly open 
stands. Blue grouse in Idaho also selected open conifer stands 
(50 :50 ratio of conifer cover to open) predominated by islands of 
Douglas-fir and subalpine fir (Caswell 1954, Stauffer and Peterson 
1982). Wintering areas in Colorado included dense and open second 
growth, mature, and old-growth coniferous forests, with an 
average basal area (20.9 m2 · h a -1) similar to that measured in 
this study (Cade 1985). Topographic and elevational similarities 
contribute to the similar vegetation-use patterns observed for 
Intermountain blue grouse . 
Douglas-firs with atypical growth patterns (larger dbh and 
shorter height) were selected by blue grouse in this area as they 
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were in other wintering areas (Caswell 1954 , Stauffer and 
Peterson 1982, Remington 1984, Cade 1985). The average dbh of 
Douglas-firs in this study area (65.0 em) is the largest reported ; 
the average for Intermountain studies is about 50 em. Mistletoe 
was present in the majority of Douglas-firs in Idaho (Stauffer and 
Peterson 1982) , but was common only in subalpine firs on this 
area. 
The diurnal use of these atypical Douglas-firs may reflect blue 
grouse foraging strategy (Cade 1985) . Conifer needles are 
typ ically low in nitrogen (Hoffman 1961 , Boag and Kiceniuk 1968) 
and contain numerous secondary compounds (e.g., tannins , phenolic 
resins , terpanes; Radwan 1972, Maarse and Kepner 1970) . Needles 
of young Douglas-firs have less soluble nitrogen and higher 
monoterpene contents than needles of older Douglas-firs 
(Remington , pers. comm .). Thus, grouse would be expected to use 
larger Douglas-firs because they provide higher quality forage than 
young trees. 
Subalpine firs were preferentially used as nocturnal roost 
sites in this study area. Remington (pers. comm .) often observed 
blue grouse flushing at dusk to a subalpine fir after feeding in a 
lodgepole pine. Marshall (1946) concluded that the use of subalpine 
fir and Engelmann spruce increased in relation to their abundance, 
although he did not distinguish between nocturnal and diurnal use . 
Although droppings were often found under the few Engelmann 
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spruce in my study area, no birds were located in these trees 
during the day. Droppings were used to identifiy use-trees in 2 
studies (Stauffer and Peterson 1982, Cade 1985) , but they found 
subalpine fir use to be minimal. Cade (1985) also followed radio-
collared blue grouse during the day and found nearly complete 
Douglas-fir use. The relative amount of grouse sign such as twig 
tips is generally greatest under Douglas-firs. The presence of this 
feeding sign may enhance the detectability of droppings under 
Douglas-firs as compared to other tree species , particularly in 
soft snow conditions. 
Most of the physical characteristics of roost sites which were 
measured supported the hypothesis that blue grouse select roost 
sites with a favorable microclimate. The single exception was 
that grouse did not roost on branches with a southerly orientation 
as previously reported (Hoffman 1961 ). However, 71% of the 
roosting blue grouse observed were in sunlight (Chapter V). Those 
birds in the sun further benefit from the adjacent large tree trunk 
and roosting branch which would provide significant heat 
absorption and reradiation surfaces . 
The moderation of wind speed is the most significant energy-
saving characteristic of roost sites (Walsberg 1985). Roost sites 
adjacent to large tree trunks in the lower parts of trees provide 
the greatest protection from winds. Wind speed is typically higher 
at the top of the canopy (Monteith 1973), and wind penetration is 
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reduced as the horizontal structure of vegetation is widened (Jones 
1983) . The typical diurnal roost site identified in this study 
provided a solid shelter on one side (a tree trunk) and a wide 
permeable shelter on all other sides , which is the most effective 
wind break (Jones 1983) . Use-trees in Idaho were located within 
dense clumps of open stands of trees (Stauffer and Peterson 1982) . 
Wind would be moderated by the peripheral trees prior to its 
penetration into the use-tree canopy. Remington (pers. comm .) 
observed that blue grouse fed in the upper 2/3 of trees and roosted 
in the lower 113 of trees where wind protection is presumably 
greatest. Possible differences in the levels of phytochemicals 
between upper and lower portions of the tree may influence the 
selection of feeding sites within a tree. 
The typical nocturnal roost site provided a solid shelter on one 
side and was surrounded by a network of thickly leaved and tightly 
packed small branches . Mistletoe often provided proximate dense 
growth in subalpine firs . Subalpine fir use-trees were generally 
located in larger continuous stands, unlike the more variable 
locations of Douglas-fir use-trees . The tree location, large tree 
size, and dense growth at these roost sites presumably provide 
significant wind protection during the night. 
The use of subalpine fir predominantly at night is likely 
related to the selection by blue grouse of a better microhabitat 
since they seldom eat subalpine fir . If a subalpine fir did not 
provide some advantage over Douglas-fir, it would be more 
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energetically efficient to roost in the feeding tree than expend 
energy to fly to a subalpine fir . Interestingly, 5 of 7 nocturnal 
roosts in Douglas-firs were located away from the tree trunk 
where wind avoidance would be less effective. Four of these 
roosts were used on abnormally warm nights however, when air 
temperature was above 0 C. The effect of wind on 
thermoregulation is greater at lower air temperatures (Chapter 1) . 
Wind measurements at roost sites within both tree species 
substantiated that relative wind speeds were lower in subalpine 
firs (Chapter Ill) . Subalpine-firs appear to offer weather 
moderating qualities superior to Douglas-firs, particularly at night 
when insolation does not contribute to thermoregulation. The 
importance of subalpine fir may be greatest in severe winters or 
during crusted snow conditions which prevent snow roosting. 
In general, the forests occupied during winter by blue grouse 
are of limited commercial value, often in inaccessible areas 
(Stauffer and Peterson 1982, Cade 1985). However, some blue 
grouse wintering areas in the Intermountain region have been cut 
or are potentially harvestable (e.g., Cade 1985, this study). 
Selection and patch cuts, which would ensure the presence of large 
conifers, is recommended in these areas (Cade 1985) . The complex 
interactions of species-habitat relationships need to be recognized 
by wildlife managers. The preferential use of subalpine fir at 
night indicates its energetic importance as a component of blue 
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grouse winter habitat, and, Engelmann spruce may assume a similar 
role when available. The importance of these 2 species may be 
greatest in lodgepole pine winter habitats . Lodgepole pine , 
although an adequate food source (Remington 1986), likely provides 
a poorer nocturnal microhabitat than Douglas-fir because of its 
more open structure. 
The occupation of high elevation , snowbound areas by blue 
grouse requires behavioral adjustments within the available 
forest habitat in order to achieve homeostasis while influenced by 
the constraints of winter weather conditions. The selection of 
specific trees and roost sites by blue grouse indicates that certain 
vegetative components of the habitat may be critical for 
overwinter survival. In particular, the forage of large Douglas-firs 
and the protection afforded by subalp ine f irs seemingly provide 
essential needs of the blue grouse on the area studied . Viable 
populations of blue grouse will likely not exist over the long-term 
in areas that do not support tree species which provide adequate 
sources of food and cover. 
CHAPTER Ill 
MICROCLIMATIC CHARACTERISTICS OF BLUE GROUSE 
WINTER ROOST SITES 
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Energy flow is the basic exchange between an animal and its 
environment , with survival being dependent upon thermodynamic 
balance (Porter and Gates 1969) . The maintenance of a favorable 
energy balance in the face of dynamic environmental factors such 
as ambient temperature, radiation , wind, and humidity is a major 
determinant of the abundance and distribution of birds (Weathers 
1979). Therefore , the energy and activity budgets of birds in 
relation to the energy demands of their environment is an 
important denominator in explaining avian adaptive strategies 
(King 1974) . 
There are 3 major responses by birds to their thermal 
environment: physiological, morphological , and behavioral (Lustick 
1980) . Thermoregulatory behavior is defined as a behavioral 
response either through activity, feeding, or a specific 
thermoregulatory behavior (Whittow 1970). The primary, specific 
thermoregulatory behavior is likely the selection of a favorable 
microhabitat. 
Avian use of energy-saving microhabitats has been reported in 
many studies (for review see Lustick 1980). Energetic models 
which incorporate environmental measures have demonstrated that 
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significant thermoregulatory savings are accrued from nocturnal 
winter roosts (Calder 1974, Kelty and Lustick 1977, Lustick 1980, 
Walsberg and King 1980, Stalmaster and Gessaman 1984, Keister 
et al. 1985). Decreased wind speed and a reduction in radiated heat 
loss , particularly in coniferous habitats , were the primary energy 
reducing factors identified in these studies. Wind can cause a 
significant energy drain at cold temperatures (Gessaman 1972, 
Robinson et al. 1976) , and cover reduces radiation of thermal 
energy to the environment (Calder 1973, 1974, Kelty 1977) . 
Blue grouse in the Rocky Mountains typically occupy high 
elevation, snowbound coniferous stands during the winter (Marshall 
1946, Caswell 1954, Stauffer and Peterson 1982, Cade 1985) . 
They are very sedentary during this period, seldom leaving a 
feeding tree during the day, often moving to a different tree for the 
night (Remington 1984, this study) and seldom snow roosting . Blue 
grouse activity patterns revolve around diurnal and nocturnal roost 
sites. 
The objective of this study was to determine the actual winter 
climatic conditions to which blue grouse are exposed, and to 




Roost and Control Site Selection 
Diurnal roost sites were located by visual observation of both 
radio-collared and non-radioed blue grouse. Radio-collared birds 
were captured during the winte r with a telescopic noose pole 
(Zwickel and Bendell 1967b) and fitted with a 25-30 g (< 3% body 
weight) poncho-mounted radio (Amstrup 1980) . A s ite was 
identified as a roost only if the bird at that site was actually 
roosting (vs. standing) and appeared in a non-alarmed state (e.g . 
crown feathers were not raised) . Diurnal roosts were located after 
0900 hr. 
Nocturnal roost sites were identified from visual sighting of 
radio-collared birds. The general area within a tree in which a 
grouse roosted was determined by homing with a portable receiver 
and antenna. The tree was then searched with flashlights to find 
the bird. The site was flagged and the grouse was left undisturbed . 
Choice of roost sites to be monitored for microclimatic data 
was based on : 1) location, to provide an adequate sample of 
topographic range; 2) branching characteristics of the roost site 
which allowed instruments to be attached without disturbing the 
site. 
A permanent, weather control site was situated centrally in 
the study area in a flat opening at 2650 m (minimal treeless radius 
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of 50 m) to provide data for comparison with the measurements 
obtained at roost sites (Fig . 8). A microclimatic monitoring unit 
was permanently placed on a platform 2.0 ±. 0.3 m high in the 
open ing . Orientation of the unit insured that no weather 
instrument could affect another. 
Microclimate Measures 
Microclimatic measuring units were used to monitor 
temperature , wind speed, solar radiation , and net radiation at roost 
sites and the permanent control site during the winters of 1984-
85 and 1985-86. Three roost sites and the control site were 
monitored for a minimum of 10 days during each measurement 
period . 
Temperature was measured with a thermistor (Yellow Springs 
Instrument Thermolinear Component - USI44203) and wind speed 
with a cup anemometer (Model No . 6101 from R.M. Young Co.). The 
average starting threshold of the anemometers was 0.28 m · s·1. 
Solar radiat ion was measured with an Eppley Black and Wh ite 
Pyranometer (Model 8-48 from Climatron ics Corporation) and net 
radiation with a Fritschen Net Radiometer (Model 3032 from 
Weathertronics) . 
These 4 instruments, mounted on a white , aluminum assembly, 
comprised the microclimatic measuring unit (Fig . 9) . The unit was 
attached and leveled at a roost site with adjustable lag screw 
mounts (Fig . 9) . Voltage signals from the instruments were carried 
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Figure 8. Location of the weather control station and diurnal and 
nocturnal roosts monitored during winter in 1986 and 








Platform - 2 nuts allow leveling 
Figure 9. Microclimatic monitoring system used to measure 
weather parameters at blue grouse roost sites. 
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through a Belden (No. 8778) 6-pair, shielded cable to a Campbell 
Scientific CAS recorder at the base of the roost tree. The CAS was 
powered by a Gates, 12 volt, rechargeable battery. Weatherproof 
connectors wrapped with duct tape were used at all connections to 
provide moisture protection . Instrument signals were modified by 
a circuit board in the CAS recorder to insure that all voltages were 
within the range of the recorder . An integrator within each 
recorder took a 0.3 s sample of an instrument's voltage every 2.4 s, 
accumulated averages , and printed these averages, in millivolts , 
every 15 minutes. The effective dimensions of the area monitored 
were approximately 50 x 30 x 15 em. Data were excluded when 
instruments were snow-covered . Comparison among the 
instruments indicated that they performed similarly. 
Three-way factorial analysis was used to analyze the data. 
Factors were treatments (roosts and the control), blocks (15 
minute periods) , and days. Days were a repeated measure. 
Balanced data sets were compared with an analysis of variance . F-
tests were used to test for differences (E.. < 0.05). Planned 
comparisons were employed to test for differences (E.. < 0.05) 




Microclimatic characteristics of 17 diurnal Douglas-fir roost 
sites were measured during 6 time periods (Appendix A) . Data 
were analyzed for period lengths of 7-10 days depending on snow 
cond itions . Measurements used in analysis were inclusive of 0600 
and 1800 hr. 
Net radiation at 10 of 14 roosts was significantly different 
than at the control site (Table 7) . Nine of these had lower average 
net radiation values than the control. Average net radiation was 
positive in 12 (70%) roosts . Maximum and minimum net radiation 
were greater in 9 (64%) and 12 (85%) roosts , respectively , than at 
the control site . The average net radiation at the roosts , 17.0 ±. 
26 .7 W · m -2 , was not significantly different from the control 
average (33.5 ± 16.4 W · m-2) . 
Diurnal temperatures (Table 7) , although significantly 
different between roosts and the control , actually differed by less 
than 2 C. The statistical differences were primarily a result of 
the low variance of these measures. This small temperature 
difference is probably of little biological significance and may 
partially be due to radiative heat absorbed by the exposed, metal 
control unit. The minimum and maximum mean roost site 
temperatures for all periods were -10 .4 and -4 .2 C, respectively. 
The minimum and maximum recorded diurnal temperatures were 
Table 7. Average microclimatic measurements at 17 diurnal blue grouse roost sites and a 
control site, Logan Peak, Utah. (See Appendix A for ranges .) 
Date Roost Site Net Radiation (W·m-2) Tem~erature (C) Solar Radiation (W·m·2l Wind S~ed (m·s-1) 
24 Dec., 1984- 1 -6.1 .±. 0 . 3· -7 .7 .±. 0.1. 7.1 .±. 0.4· 0.63 .±. 0 .03 
5 Jan., 1985 2 -2.2 .±. 0 . 9· -6.8 .±. 0.2· 17 .2 .±. o.r 0.60 .±. o.o2· 
Control 15.8 .±. 2 .2 -6.1 .±. 0.2 126.8 .±. 7.4 2.25 .±. 0 . 05 
10-21 Jan. 3 -10.1 .±. 2.3· -6.4 .±. 0 . 2· 17.6 .±. o.r 2 .24 .±. 0.08 
1985 4 2.7 .±. 1 . 4· -6.0 .±. 0 . 2· 19.6 .±. 1 . 6· 0.98 .±. o . o5· 
5 13.8± 2.7' -6.1 .±. 0.2 54.1 .±. 3.5· 0 .91 .±. o . o3· 
Control 31 . 0 .±. 3 .5 -5 . 0 .±. 0.2 187.1 .±. 9.3· 2.05 .±. 0 .07 
21 Jan. - 1 Feb. 6 39.7 .±. 5 .1 -10.2 .±. 0.3· 64 .7 .±. 5.9· 0.22 .±. o . o1· 
1985 7 -5.5 .±. 0 . 9· -10.4 .±. 0.9 23.8 .±. 1 .2· 0 .41 .±. o . o3· 
8 0.5 .±. 2.8· -10.4 .±. 2.8 25 .7 .±. 1 . o· 0.82 .±. 0 . 04. 
Conrol 31.7 .±. 3.6 -9.5 .±. 0.3 198.1 .±. 10.4 1.24 .±. 0 .04 
16 Feb.-1 Mar. 9 -10.2 .±. o . 8· -7.9 .±. 0.2· 25 .2 .±. 1.o· 0.70 .±. o.o3· 
1985 10 45.8 .±. 5.8 -6.8 .±. 0.2 105.9 .±. 7 . 8· 0.37 .±. o.o2· 
11 80.8 .±. 7.9 -6 .8 .±. 0.3 122. 9 .±. 9.o· 0.35 .±. o.o3· 
Control 64.2 .±. 5.0 -6.6 .±. 0.2 253. 0 .±. 12 .4 2.32 .±. 0 . 07 
1-15 Mar. 12 -0.2 .±. 1.9 -8.6 .±. 0.3· 53.8 .±. 1.9· 0.11 .±. 0.003. 
1985 13 8.9 .±. 4.0 -7.3 .±. 0.3 101 .3 .±. 8.6· 0 .57 .±. o.o3· 
14 53.5 .±. 6.6 -7.9 .±. 0.3· 76.8 .±. 6. r 0 .83 .±. o . o5· 
Control -6 .5 .±. 0.3 241.5 ±.11.0 2.40 ±. 0 .06 
20-31 Dec. 15 55.1 .±. 5.7' -4 .3 .±. 0 . 1· 93 . 7 .±. 5.8· 0.28 ±. o.o1· 
1985 16 17.4 ±. 1.9 -4.2 ±. 0 . 1· 33 .3 ±. 2.4· 1.59 ±. o.o3· 
17 4.5 ±. 0.3· -4.3 ±. 0.1· 18.8 ±. 1 .5· 2 .09 ±. 0.04 
Control 24 .6 .±. 3.8 -3.4 .±. 0.2 150 .4 .±. 7.6 2.05 .±. 0 .03 
= significantly different from the control (E. < 0.05). 
"" 0 
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-26.4 and 6.3 C, respectively. The average diurnal temperature for 
all periods was -7 .2 C. 
Roost sites received significantly less solar radiation than the 
control site in all periods (Table 7) . The maximum solar radiation 
value at 9 (53%) roosts was equal to 60% or more of the 
corresponding maximum control value . Five (29%) of these roosts 
had maximum values greater than 90% of the control value . The 
average solar radiation at the roosts and the control was 51 .1 and 
201.3 W · m -2 , respectively . Between 1000 and 1500 hr, the 
averages were 85.2 and 370.6 W · m -2 , respectively . Solar flux 
increased as winter progressed. 
Wind speed was significantly less at 15 (88%) roosts than at 
the control site (Table 7) . Two of these roosts had lower average 
wind speeds than the minimum anemometer threshold speed . 
Subsequent correction of these observations to the threshold speed 
affected the overall wind speed average at roosts less than 2%. 
Winds were 2 and 9% higher than the control at the other 2 
remaining roosts . The average roost site wind speed was 0.71 ± 
0.62 m · s-1 and the control site average was 1 .88 ± 0.59 m · s-1 , 
2.65 x the roost site value . Only 3 roost sites had average wind 
speeds greater than 1.0 m · s-1 . The maximum wind speed at all 
roosts averaged 51% of the corresponding maximum wind speed at 
the control site. The maximum recorded roost and control wind 
speeds were 7.5 and 8.7 m ·s-1, respectively. 
62 
Noctu rna I Roosts 
Microclimatic characteristics of 17 nocturnal , subalp ine fir 
roost sites were measured during 7 time periods . Data were 
analyzed from period lengths of 9 to 11 days. (Appendix B) . These 
measures were inclusive of 1800 to 0600 hr. Solar radiat ion was 
typically absent during this interval , although minimal values were 
occasionally measured at 1800 hr. 
Fourteen roosts (82%) had significantly higher net radiation 
values than the control site (Table 8). Only one roost had a lower 
value than the control. Average net radiation at all roosts was 
-4.3 ±. 5.9 W · m-2, 87% less than the control site (-32.8 ±. 15.9 W 
· m -2) . Minimum values were -23 .1 and -92 .9 W · m -2 , 
respectively ; the roost sites reduced net radiation loss by 75%. 
Nocturnal temperatures varied less than 1.0 C between roosts 
and the control site (Table 8) . The minimum and maximum average 
roost site temperatures were -8 .8 and -0.8 C, respectively . The 
min imum and maximum nocturnal temperatures recorded were 
-20.4 and 9.4 C, respectively . The average nocturnal temperature 
for all periods was -4.4 ±. 3.0 C. 
All nocturnal roost sites had significantly lower wind speeds 
than the control site (Table 8) . The average wind speed at roosts 
was 0.24 ±. .20 m · s-1 versus 1.67 ±. .50 m · s-1 at the control 
site, an 85% reduction . Corrections based on the anemometer 
threshold value resulted in an average wind speed of 0.34 m · s-1 
Table 8. Average microclimatic measurements at 17 nocturnal blue grouse roost 
sites and a control site , Logan Peak, Utah. (See Appendix B for ranges.) 
Date Roost Site Net Radiation (W·m-2) Temperature (C) Wind Speed (m·s·1) 
18 Mar. -3 Apr. 1 -4.1 .:t 1. 1 -5.9 .:t 0 . 2· 0 .47 .:t o . o3· 
1985 2 -19 .2 .:t 0.5 -5 . 2 .:t 0 .2 0 . 19 .:t o.ot• 
3 -9.3 .:t 0. 1 -6.2 .:t 0 . 2· 0.21 ± o . at• 
Control -15 .2 .:t 1.0 -5.2 .:t 0 .2 2.04 ± 0.06 
2-14 Jan. 4 -10.8 .:t O. t• -3 . 5 .:t 0.3 0 .07 ± o . oot• 
1986 5 -2 .3 ± 0 . 2· -3.2 ± 0 . 2· 0.08 ± o.ot• 
6 2 .9 .:t O. t• -3 . 5 ± 0.3 0 .38 ± o . o3· 
Control -46 .3 .:t 1.1 -3 .9 .:t 0.2 1.71 .:t 0.06 
14-26 Jan. 7 -8 .6 .:t 0 . 1 •• -5 . 6 ± 0 .2 0 .27 .:t o . ot• 
1986 8 -2 .3 .:t 0 . ,. -5.3 .:t 0.2 0.81 .:t o.o3· 
9 -2 .5 .:t 0 . 1• -5.5 .:t 0 .2 0 .30 ± o . ot• 
Control -21.7 .:t 1.4 -5 . 0 .:t 0.2 2.53 .:t 0.07 
26 Jan.-10 Feb. 10 -11.1 .:t 0 . ,. -8 . 8 .:t 0.3 0 .14 .:t o . ot• 
1986 11 -4.9 .:t O.t• -8.3 .:t 0 .3 0 .33 .:t o . o3· 
Control -29.8 .:t 0.8 -8 .5 .:t 0 .3 1.53 .:t 0.06 
28 Feb. - 9 Mar. 12 1.4 .:t O. t• -1 . 6 .:t 0 .2 0 . 12 .:t o.ot• 
13 0. 7 .:t 0 . 1. -0 . 8 ± 0.2 0 .07 .:t o .3o· 
Control -49 .7 .:t 1. 1 -1 . 5 .:t 1. 1 1.00 .:t 0.05 
9-20 Mar. 14 -0 .6 .:t 0 . 1• -6.5 .:t 0. 1 0 .35 ± o . o2· 
1986 15 0.0 .:t O. t• -6 .8 .:t 0.1 0 .0 ±. o.oo· 
Control -16.4 .:t 0.6 -6 .7 .:t 0 .1 1.37 .:t 0.07 
20 Mar.- 6 Apr. 16 -1 .3 ±. 0 . 1. -0 . 4 ± 0 .2 0 .06 .:t o . ot· 
1986 17 -6.4 .:t 0 .2 · -0.3 .:t 0 .2 0.24 .:t o.o2· 
Control -52 .9 ±. 0 .7 -0.2 .:t 0 .2 1.53 .:t 0.03 
significantly different from control (E_ < 0.05). 




at roosts , an 80% reduction . All but one roost reduced wind speed 
more than 75%, with half of these having reductions greater than 
90%. The minimum and maximum average wind speed at the roo sts 
were 0 and 0.81 m · s-1 , respectively . The maximum roost and 
control site wind speeds were 5.0 and 8.23 m · s-1 , respectively . 
The average reduction in maximum wind speed for all roosts versus 
the control site was 69%. When average wind speeds which were 
less than the starting threshold of the anemometers were made 
equal to 0.28 m · s-1 (the starting threshold), the calculated heat 
loss (see Discussion) was affected only 2% at -10 C. 
Diurnal vs . Nocturnal Roosts 
Microclimatic data collected at night (1800-0600 hr) at the 17 
Douglas-fir diurnal roosts were compared with corresponding 
control weather data. Wind speed was significantly lower at 14 
(82%) roosts and higher in the 3 other roosts than at the control 
site . Net radiation at all roosts was significantly higher than at 
the control site . Similar comparisons from data collected during 
daytime (0600-1800 hr) at nocturnal , subalpine fir roosts revealed 
that wind speed, ne t radiation , and solar radiation were 
significantly lower than control values. 
Temperature varied less than 2 C between roost sites and the 
control in both comparisons. The average diurnal and nocturnal 
roost site temperatures were -2 .7 and -7 .9 C, respectively. The 
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minimum and maximum average values were -5.6 and 2.6 C, and 
-11 .8 and -5.1 C, respectively . The lowest recorded temperature 
was -26.2 C. 
Microclimatic measures from the diurnal and nocturnal time 
periods were compared between Douglas-fir and subalpine fir roost 
sites (Table 9) . Douglas-fir roost sites had significantly greater 
(£:. <0.1 0) solar radiation , diurnal net radiation, and diurnal and 
nocturnal wind speed . No difference existed between respective 
nocturnal net radiations , although Douglas-firs averaged twice the 
radiation loss of subalpine firs . 
DISCUSSION 
Roost site selection was not apparently dictated by ambient 
temperature (TaL although T a is an important determinant of heat 
flow between an animal and its environment. A substantial 
reduction of T a at roost sites has been found only in situations 
where local effects or a temperature inversion were present 
(Gyllin et al. 1977, Yom-tov et al. 1977, Reese et al. 1980) . 
Significant elevations of T a have been recorded in cavities 
occupied by roosting birds (Kendeigh 1961, White et al. 1975, 
Caccamise and Weathers 1977), and within the snow roosts of 
tetraonids (Korhonen 1980, Marjakangas et al. 1984). These higher 
T as are a result of metabolic heat which usually warms the snow 
cavity to thermoneutral conditions (Marjakangas et al. 1984) . 
Table 9. Comparison of the average microclimatic measures of diurnal and nocturnal blue grouse 
roost sites in Douglas-firs and subalpine firs during winter, Logan Peak, Utah . 
Net Radiation (W · m-2) - Da 
Net Radiation - Nb 
Wind Speed (m · s-1) -D 
Wind Speed - N 
Solar Radiation (W · m-2) - D 
aD = diurnal (0600 - 1800 hr) . 
bN = nocturnal (1800 - 0600 hr). 
Douglas-fir 
18.10± 26 .70 
-8 .80 ± 9 .90 
0.71 ± 0 .62 
0 .92 ± 0.83 
51.10± 37 .10 
• = significant difference between roost tree species (E.< 0.10) . 
Subalpine fir 
3.80 ± 14.oo· 
-4.30 ± 5 .90 
0.25 ± 0.21. 




Past studies, and this study, have not documented snow roosting as 
a common behavior of blue grouse although this behavior was 
documented occasionally , (n 53 in 2 yr, Chapter V). Air 
temperature is presumably not a primary factor in roost site 
choice because the average diurnal and nocturnal T as were within 
the thermoneutral zone of blue grouse (Chapter 1). 
Net radiation values were less variable at all roost sites than 
at the control site, and were positive in the day and slightly 
negative at night. Douglas-firs were slightly less effective than 
subalpine firs as a thermal radiation shield . The thermal benefits 
of the radiative environment provided by dense canopy coverage, 
however, has been questioned by Lustick (1980) and Walsberg 
(1985). Theoretically , a canopy could increase the thermal 
radiation incident on the upper hemisphere of a bird by 30-40% ; 
emissivity of vegetation and dry air is about 1 and 0.72, 
respectively (Monteith 1973, Walsberg 1985). Under cloudy 
conditions, however, the effects would be minimal because a bird 
and the sky would have equal emissivities (i.e ., approximately 1) 
and would be in thermal equilibrium (Monteith 1973). Walsberg and 
King (1980) reported only a 7% energy savings for robins (~ 
miqratorius) roosting under a coniferous canopy . Walsberg (1985) 
calculated standard operative temperatures for white-crowned 
sparrows and sandpipers (Calidris spp .) and determined that the 
thermal radiative benefits of cover were minor in comparison to 
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the benefits of wind reduction . The relative temperature gain from 
a complete canopy versus an open roost was equal to 1-2 C. 
However, an increase in wind velocity from 0.1 to 3.0 m 0 s- 1 
caused an 11-19 C decline in the relative temperature. Conversely , 
Lustick (1980) reported that the net radiative heat loss of 
cowbirds, grackles (Quiscalus guiscula), and redwing blackbirds 
(Aqelajus phoeniceus) under clear skies was reduced 35-54% in a 
pine roost with 75-96% cover. A 43-64% reduction in total energy 
losses occurred when winds equaled 15 km o h-1 (4 .2 m 0 s-1 ), but 
about 40%, or up to 93% of the total reduction , was due to reduced 
convective heat loss . 
Both of these studies indicated that the major role of the 
canopy was the reduction of convective heat loss. Even on 
windless nights a bird should be expected to roost under a canopy 
because energy expenditures need to be minimized when 
endogenous reserves are the primary energy supply (Lustick 1980, 
Walsberg 1985) . This behavior may be most important for small 
birds. Blue grouse kept in captivity in this study always roosted in 
the open at night even when T as were below -20 C, despite the 
availability of shelters. Further, the nocturnal roosts of blue 
grouse found in Douglas-firs were often located away from the 
trunk at more exposed sites (Chapter II) . It may be that the large 
size of blue grouse, in comparison to passerines, (the birds used in 
other studies) reduces their need for overhead canopy coverage 
during windless conditions. 
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Radiant energy not only reduces energy expenditures at low 
T as (Hamilton and Heppner 1967, Morton 1967, Heppner 1970, 
Lustick 1969, 1970, Ohmart and Lasiewski 1971, DeJong 1976), but 
it also reduces the effect of wind at low temperatures (Hayes and 
Gessaman 1980). Nest-site selection has been shown to be 
correlated with available insolation at nest sites (Balda and 
Bateman 1973, Walsberg and King 1978, Walsberg 1981 ). Although 
diurnal roost sites of blue grouse in this study reduced the 
available insolation throughout the day, about 1/3 of the roosts 
essentially matched the daily maximum solar radiation at the 
control site . A limitation of the microclimatic units was that they 
were not able to measure the radiative environment of a grouse 
which moved to stay in the sun . Therefore, the solar radiation 
values measured at identified roost sites probably undervalue the 
availability of insolation to blue grouse . Seventy-one percent of 
the blue grouse observed during the day were roosting in the sun 
(Chapter V) . It seems probable that blue grouse seek solar 
radiation because wind, which acts as an energy drain , is normally 
present to some degree at diurnal roost sites. The suitability of a 
roost site on a sunny day is likely dependent on the 
thermoregulatory interaction of the positive effects of solar 
radiation and the negative effects of wind. 
The reduction of wind speed (63% diurnal, 85% nocturnal) was 
the primary thermoregulatory advantage provided by roost sites . 
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Wind speed reductions in nocturnal, coniferous roosts of robins , 
cowbirds , starl ings, grackles and redwing blackbirds have ranged 
from 72-98% (Francis 1976, Kelty and Lustick 1977, Lustick 1980, 
Walsberg and King 1980) . Nocturnal roosts used by bald eagles 
(Haliaeetus leucocephalus) also provided significant wind 
reductions (Keister et al . 1985). Average wind speeds measured at 
the roost sites (<1 .0 m · s-1) were within the linear response of 
blue grouse metabolic rate (MR) due to wind effects (Chapter I) . 
Wind effects on MR are maximum and non-linear when the plumage 
is penetrated by wind and heat loss occurs at the skin surface 
(Kelty and Lustick 1977, Hayes and Gessaman 1980, Walsberg 
1985) . The protection of roost sites thus prevent major heat 
losses . During particularly severe weather, when snow conditions 
are favorable (i.e. , sufficient depth and no crusting) , blue grouse 
would have the option of snow roosting . 
Equation 9, (Chapter I) describing the effect of wind speed and 
T a on blue grouse MR (MR = 0.835 + 0.269u0.5 - 0.024T al . was used 
to assess whether subalpine fir roost sites had a nocturnal 
thermoregulatory advantage over Douglas-fir roost sites. It was 
assumed that the effect of canopy coverage was equivalent (i.e. , 
complete) to that provided in the wind tunnel and T a was -10 C. 
Wind speeds equaled the respective averages recorded in each tree 
species (Table 9) . Results indicated that a blue grouse would 
realize a 50% greater reduction in convective heat loss and a 10% 
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greater net energy savings by roosting overnight in a subalpine fir 
rather than a Douglas-fir. The difference in potential energy 
savings offered by the 2 tree species could explain why blue grouse 
chose to roost at night principally in subalpine fir (Chapter II) . 
The daily energy expenditure of blue grouse during winter was 
calculated by estimating average diurnal and nocturnal energy 
costs. Because no equation is available to determine the 
interactive effects of solar radiation, wind speed, and T a on blue 
grouse MR, T as and wind speeds measured at the roost sites during 
the day and night were used in equation 9 (Chapter 1) . The 
reduction in diurnal blue grouse MR due to solar radiation was 
calculated from an equation which described solar radiation , wind 
speed, and T a affects on red-tailed hawk MR (Hayes and Gessaman 
1980) because the 2 species are of similar weight. Diurnal energy 
savings due to solar radiation was 5,9, and 13% at 250, 500, and 
750 W · m -2 , respectively, at the average diurnal T a and wind 
speed measured at the blue grouse roost sites (i .e., - 7.2 C, 0.71 m · 
s·1, Table 7) . The minimum value (5%) was applied to the equation 
in the <Jiurnal period. 
The daily winter energy requirement based on average 
microclimatic values was 581 kJ or 1.34 times SMA (SMA = 433.5 
kJ · day·1, Chapter 1). Daily energy costs are about 15% less than 
the energy provided by the average diet of Douglas-fir needles by 
captive blue grouse (1 .5 times SMA, Remington 1986) . This 
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apparent, daily energy surplus could actually be higher because 
consumption rates of confined captive birds are likely lower than 
those of more active wild birds (Moss 1977) . Not surprisingly , 
energy costs were greater during the day than at night when they 
were reduced by the moderating effects of subalpine fir roosts. 
Environmental measurements from both winters were 
combined to examine for differences between early (1 January-15 
February) and late (16 February-1 April) winter. Wind speed was 
assumed similar between periods because average wind speeds at 
the control site did not differ significantly between periods (2 .26 
and 2.11 m · s -1). The average T a and solar radiation increased in 
late winter by 3.3 C and 136 W · m -2. These increases resulted in 
an 10% reduction in energy requirements based on the equations 
used above (1.38 times SMA versus 1.24 times SMA). Energy 
demands in late winter are apparently more than 20% lower than 
the energy provided by the consumption rates determined in 
captivity . A positive energy balance during the latter part of 
winter would be advantageous as blue grouse prepare for the 
energy demands of the spring reproductive season. The potential 
physical condition of blue grouse during , and at winter's end, is in 
stark contrast of the poor nutritional condition and starvation 
faced by many species of northern homeotherms during winter. 
This study has provided evidence that the overwintering 
energetic costs of blue grouse are minimized by microhabitat 
selection . 
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Blue grouse roost sites provided thermoregulatory 
advantages in comparison to an exposed control site , particularly 
by reducing convective heat loss . Douglas-firs provided exposure 
to solar radiation , wind protection, and a food source during the 
day. The nocturnal use of subalpine firs increased protection from 
winds and provided near maximum canopy coverage. The average T a 
at the wintering area was within the thermoneutral zone of blue 
grouse . The application of microclimatic data to MR predictive 
equations indicates that blue grouse experience a positive energy 
balance throughout the winter. However, habitat selection by blue 
grouse, particularly microhabitat selection of roost s ites , reflects 
active choices which minimize the energy costs imposed by 
weather conditions in their wintering areas . Because blue grouse 
survival is implicitly related to the protection afforded by spec ific 
coniferous habitats, such habitats should be considered critical for 




WINTER ENERGY BUDGETS OF FREE-RANGING BLUE GROUSE 
Knowledge of an animal's energy costs is essential to the 
understanding of how a species maintains an energy balance within 
its natural habitat. The energy cost of free existence , or field 
metabolic rate (FMR), is the total energy cost of a wild animal over 
an entire day (Nagy 1987). This measure includes the four major 
components of metabolism : 1) basal metabolism, 2) 
thermoregulation , 3) activity, and 4) heat increment of feeding 
(Gessaman 1973a). In addition, it includes all other costs that 
require energy such as alertness, posture, and predator avoidance 
(Nagy 1987). Actual measurement of FMR within the natural 
habitat is superior to predictions based on the synthesis of field 
and laboratory information (Williams and Nagy 1984, Nagy 1987). 
Measurement of FMR in free-ranging animals is possible with 
the doubly-labeled water (DLW) technique. This method is based on 
the fact that oxygen of respiratory carbon dioxide (C02 ) is in 
isotopic equilibrium with oxygen of body water (H20). hydrogen 
turnover is primarily through body H2 0 , and oxygen turnover is 
through both body H20 and C02 (Lifson et al. 1949, Mullen 1973 , 
Nagy 1987) . C02 production can be determined by labeling body 
H20 with 0 20 and H218o and measuring the difference between the 
turnover rates of the two isotopes because the H isotope measures 
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primarily body H20 loss and the oxygen isotope measures the sum 
of body H20 and C02 loss. Measurement or assumption of the 
respiratory quotient (RQ) allows the estimation of energy 
expenditure. Accuracy of the DLW technique is ± 8% (Nagy 1987). 
Blue grouse are unique in that they inhabit higher elevations 
during winter than summer (Marshall 1946, Caswell 1954, Cade 
1985, Stauffer and Peterson 1985) . The successful winter 
occupation of snowbound habitats , and exposure to extreme 
weather conditions, presumably require unique adaptive strategies 
to maintain a favorable energy balance. However, despite the 
perceived harshness of their winter environment, blue grouse 
reportedly experience little overwinter mortality (Cade 1985), and, 
may actually gain weight during winter (Redfield 1973, Harju 
1974). This apparent contradiction between expected high energy 
costs due to a stressful environment , and relative ease of 
overwintering , could best be clarified by determining the energy 
cost of free existence of blue grouse during the winter. 
The objective of this study was to determine the average daily 
energy costs of wild blue grouse during winter . Blue grouse 
appeared to be excellent subjects for the DLW technique because of 
their sedentary nature and relative ease of capture . 
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METHODS 
The DLW technique was attempted initially with 4 adult male 
grouse caught in January and February, 1986. All of the grouse 
died ; 1 from goshawk (Accipter ~) predation, 2 from handling 
stress, and 1 in a post-release accident. Handling techniques were 
subsequently modified, and the following methods are those which 
were successful with captive and wild grouse during the winters 
of 1986 and 1987, respectively. 
Free-ranging Grouse 
Blue grouse were caught with a noose pole (Zwickel and 
Bendel! 1967b) on the study area during February and March, 1986 
and 1987. A captured grouse was placed in a burlap bag and 
transported by snowmobile and truck to the lab where it was fitted 
with a poncho-mounted radio (28 g) and kept overnight in a 
darkened cardboard box (0 .8 x 0.6 x 0.6 m) at 10 C, a non-stressful 
temperature . The following morning the grouse was either 
transferred to an outdoor pen which provided ru1. .l.l.bl1J.un snow and 
Douglals-fir foliage, or was injected with the DLW solution and 
released at its capture site . The DLW injection was 3-3.5 ml of a 
water solution of 76 atom % 18o and 22 atom % deuterium. 
Grouse receiving the DLW solution were anesthetized with a 
0.3 ml intramuscular injection of ketamine hydrochloride to 
prevent struggling . The DLW solution was administered 
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intramuscularly (breast) or intraperitoneally with a 21 gauge 
needle within 15-20 minutes of anesthesia. The skin was pulled 
to one side during needle withdrawal to reduce leakage. The 
grouse was then propped upright in a holding cage (0.4 x 0.2 x 0.2 
m) at 0 C. A blood sample was taken approximately 2 hours post-
DLW injection by pricking the brachial vein in the wing with a 21 
gauge needle. Blood was collected in heparinized capillary tubes 
which were flame-sealed and refrigerated . The grouse was then 
weighed, put into a burlap bag, and transported to the study area. 
Temperature , windspeed, and solar radiation were monitored and 
averaged every hour at the permanent control site by a CR5 
Campbell Scientific Recorder (Chapter Ill) . 
Grouse were released into a snow cavity dug at the original 
capture site . Each grouse was observed from a distance until it 
roosted in a tree, and thereafter was located by telemetry to 
reduce the possibility of human-induced escape flights . Grouse 
were shot after 48 hours (i.e ., between one and two half-lives of 
the 1 8 0 isotope) with a .22 caliber rifle. Blood samples were 
immediately collected in heparinized capillary tubes from the 
brachial vein, heart, or liver. Capillary tubes were sealed initially 
with Critocaps ® and later flame-sealed and refrigerated. The 
crop was checked to verify food consumption, the grouse was 
weighed, placed in an air-tight plastic bag, and frozen . 
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Total body water was determined by freeze-drying each grouse 
to constant weight. Water was distilled from the blood samples 
according to Nagy (1983) . 18o analysis was performed at the 
Laboratory of Biomedical and Environmental Sciences , UCLA, and 
deuterium analysis was performed by Global Geochemistry 
Corporation , Canoga Park, California. 
Captive Grouse 
The daily metabolism of 2 captive-reared , adult male blue 
grouse was measured with DLW and compared with that of the 
free-ranging grouse. Captive grouse were held in a pen (1 0 x 5 x 2 
m) which provided sheltered roosts. The grouse had been housed 
together in the pen for over 6 months prior to the trials , and were 
maintained on an ru;!, !.i.b.il.l.!..m Douglas-fir diet. Douglas-fir branches 
were not entirely under shelter. Activit ies of the grouse were 
recorded a minimum of 15 minutes each daylight hour during the 
trials by an observer in a blind. Temperature , wind speed, and 
solar radiation were monitored and averaged every 15 min by a CR5 
Campbell Scientific Recorder (Chapter Ill) . Methods of injection , 
blood sample collection , and water analysis were the same as 
described for the wild grouse. Grouse were captured with a small 
net at 48 and 96 hr post-injection to collect blood samples. Total 
body H20 was assumed equal to the average total body H20 of the 
wild grouse. Blood samples were taken from 2 other captive blue 
grouse to measure background 18o. 
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C02 Calculation 




TBW1 , TBW2 
o1 . o2, Os 
In 
RQ 
ml C02 · g-1 · hr-1 . 
Initial and final total body water (ml). 
Oxygen -18 in atom % for initial , final , and 
background samples. 
Deuterium values in counts per million (CPM) for 
initial , final , and background samples. 
Initial and final body mass (g) . 
Days (decimals) . 
natural logarithm. 
Two male and 1 female captive, adult blue grouse (X weight = 
1180 g) were used to measure the RQ of grouse fed a Douglas-fir 
diet during March 1986. The grouse had rui.l..i.b.l1.u..m. access to 
Douglas-fir foliage for 2 months and were restricted to the diet 
for 7 days prior to the RQ measurements. The grouse were removed 
from the pen after the major AM feeding period . The RQ was 
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measured over a 4-5 hour period beginning at 0800 hr. Activity 
observat ions revealed that little feeding typically occurred during 
th is time period. 
Respiratory quotients were determined through indirect 
calorimetry in an open-flow system. Simultaneous measures of 
V02 and VC02 were made with an Ametek S-3A-1 oxygen analyzer 
and a co2 absorbent system, respectively . The temperature was 
maintained at -5 to 0 C. Barometric pressure , line temperature , 
flow rate , and effluent 02 (Fe02) were measured continuously. 
The C02 absorbent system consisted of 5 U-tubes placed in the 
respiratory sample line in the following order : 2 tubes filled with 
the desiccant Drierite , 2 tubes filled with the C02 absorbent 
Ascarite , and the distal tube filled with Drierite. VC02 , V02 and 
RQ were calculated according to equations 11 -13. 
vco2 = (A + D) x o.5o9 ( 11 ) 
where A weight gain of the ascarite (g) . 
D weight gain of the distal drierite (g). 
V02 = K x Ve x (0 .2093 - Fe02) (12) 
where K constant to account for unequal influent 
and effluent volumes . K is a function of 
RQ. For an RQ = 0.81, K = 1.043. 
Ve volume of effluent air converted to STP. 
Fe02 volume fractional concentration of 02 in 
effluent a ir. 
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RQ VC02/'ii02. (13) 
RESULTS 
The DLW technique was successfully used with 2 captive adult 
male blue grouse (grouse 1 A and 2A) in February 1986, and 7 wild, 
juvenile and adult male blue grouse (grouse 3A , 4-SJ, 6-9A; 
J=juvenile, A=adult) in February and March 1987 (Table 1 0) . Wild 
grouse were exposed to weather conditions similar to those 
measured on the study area during February in the previous 2 years 
(Table 1 0) . These conditions ranged from a major snowstorm , 
when FMR of grouse 4J was measured , to extremely mild 
temperatures , when FMR of grouse 9A was measured. Captive 
grouse were exposed to mild temperatures , negligible wind, but a 
constant drizzle while feeding . 
Movements of the wild grouse over the 48 hr periods were less 
than 250 m with the exception of grouse 5J (Table 11) . 
Triangulation on transmitter signals indicated that grouse 5J had 
moved about 2 km downslope the day after release . It returned to 
within 100 m of its capture site between 52 and 72 hr after 
release and was shot. Grouse 4J was flushed from a snow roost 
during a major snowstorm and shot. Grouse 8A may have snow 





1Ad, 2A 14-18 Feb., 1986 3.4 
3A 5-7 Feb., 1987 -1.7 
4J 12-14 Feb., 1987 -3.5 
5J 20-22 Feb., 1987 -8 .6 
6A 20-23 Feb., 1987 -8 .5 
7A,8A 26-28 Feb. , 1987 -9.9 
9 A 4-6 March, 1987 5.5 
x -3 .6 
2yearx -6 .6 
a Diurnal = 0600-1800 hr. 
b Nocturnal = 1800-0600 hr. 
c Threshold speed = 0.28 m-s-1. 































Radiation (W·m-2) Precipitation 
33 rain 
272 none 
84 snow (40 em) 
331 none 
284 snow (15 em) 







Table 11 . Activity periods , relative movements, and rates of C02 
production (ml C02·g-1·hr-1) measured by DLW of 
experimental male blue grouse. 
%Body Measurement C02 
Grouse Wgt(g) Water Period (d) Distance (m)a Production 
Captive 
1A 1245 s5.8b 2.03 pen 0.861 
1A 1184 65 .8 2.00 pen 0.859 
2A 1244 65.8 2.02 pen 0.828 
2A 1200 65 .8 2.00 pen 1.063 
X 1218 0.903±.0.1 08 
Wild 
3A 1134 66 .3 2.16 100 0.834 
4J 940 65 .9 2.24 150 0.860 
5J 1200 67 .3 3.16 100C 1.387 
SA 1067 66 .5 2.21 150 0.945 
7A 1044 64.1 2.14 250 1.200 
8A 1209 65 .8 2.17 50 0.838 
9A 1323 64.5 2.16 150 0.824 
x 1145 65.8.t.1 .1 0.971.±.0.209 
a Approximate distance from release point (nearest 50 m). 
b Percent body water of penned grouse assumed equal to the average of 
the 7 wild grouse. 
c Does not include extended movement (see text). 
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roosted the night before it was shot as 2 snow roosts were located 
a short distance from the tree in which it was located . 
Captive grouse were primarily active only during main feeding 
bouts which occurred from dawn to 0800 hr, and from 1600 hr to 
dark (Fig . 10) . Activities were roosting, walking , feeding, and 
fl ights of 2-8 wing beats. The major activity between feeding 
bouts was preening while roosting . 
Average C02 production of wild grouse (0.984 ± 0.222 ml C02 · 
g-1 · hr- 1) was not significantly greater than that of captive 
grouse (0 .903 ±. 0.1 08) (Table 11 ; input data Appendix C). 
Elimination of grouse 5J, which moved at least 4 km, resulted in an 
average C02 production of 0.916 ml C02 · g-1 · hr-1 for wild 
grouse which was within 2% of that measured in the captive birds . 
FMR of wild grouse averaged 657 kJ per day which was 1.4 and 1.6 
times SMA and BMR, respectively (Table 12). A liter of C02 was 
assumed equal to 24.62 kJ based on the measured RQ of 0.82 ± 0.04 
(Brody 1945). 
DISCUSSION 
The variability of C02 production during the DLW trials was 
surprisingly low. The standard deviations (Table 11) of the captive 
and wild grouse were similar, and less than twice those resulting 
from oxygen consumption trials with captive birds fed Douglas-fir 





[:.;:j ~=:·fly ing 
~~~ Roosting 
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Daylight Hours 
Figure 10. Frequency of activities during daylight hours of captive 
blue grouse injected with DLW, 14-18 February, 1986. 
86 
fact that individual grouse faced major differences in weather 
(Table 1 0). The variability in the percent difference between 
measured and predicted FM R was less than 10% for 5 of 7 wild 
birds (Table 12) . Exclusion of grouse 5J (extended movements) 
would further decrease this variability . 
FMR has been estimated from consumption rates for 4 
tetraonids, red grouse (Lagopus lagopus scotjcus ; Moss 1977) 
willow, rock, and white-tailed (Lagopus leucurus) ptarmigan (Moss 
1973), and with DLW for 3 phasianids, Gambel's quail (Goldstein 
and Nagy 1985), chukar partridge (Aiectorjs chukar), and sand 
partridge (Ammoperdix he..Ji) (Kam et al. 1987). FMRs of the 
tetraonids were similar to those predicted by Walsberg's (1983) 
allometric equation (Table 12) which is based on measurements 
other than DLW (e.g. time-energy budget, pellet regurgitation) . The 
phasianids , however, were 40-60 % below predicted values . These 
phasianids, however, are desert dwelling species. FMRs are best 
estimated for them with Nagy's (1987) equation for desert birds 
based on DLW measurements. The measured FMRs of these birds 
were within 70% of Nagy's predictive values. Similarly, the FMRs 
of wild blue grouse averaged about 30% below the predicted values 
from Nagy's equation for non-passerine birds (Table 12) . 
Adaptations of desert galliforms include microhabitat 
selection, temporal activity patterns, and low energy requirements 
(Goldstein and Nagy 1985, Kam et al. 1987). Blue grouse, in many 
respects, are similar to these desert-dwelling galliforms, having 
Table 12. Comparison of the FMR (kJ·d-1) of wild male blue 
grouse to measured and predicted metabolism values. 
Predicted FMR 
Grouse W(g) ~ FMRISMRa FMR!BMRb Nagy(1987)C Walsberg(1983)d 
3A 1134 559 1.2 1.4 931 (-40)e 855 (-35) 
4J 940 478 1.3 1.4 809 (-41) 763 (-37) 
5J 1200 985 2 .0 2.3 971 (0) 885 (11) 
6A 1067 596 1.4 1.5 889 (-33) 824 (-28) 
7A 1044 741 1.8 2 .0 875 (-15) 813 (-9) 
SA 1209 598 1.2 1.4 977 (-39) 889 (-33) 
9A 1323 645 1.2 1.3 1045 (-38) 939 (-31) 
x 1131.±126 657.±165 1.4 1.6 928.:t78"f(-29) 853.:t58"( -23) 
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a SMR (kJ·day·1 )• SMR (ml 02·g· 1·hr·1) · RQ ·0.02462 (kJ·ml 02-1) • Wgt(g) · 24 (hr); 
SMR - 0.835 ml 02·g·1 ·hr·1 (Chapter 1) . 
b BMR (kJ·day-1)- BMR (ml 02·g·1·hr-1) · RQ ·0.02462 (kJ • ml 02-1) · Wgt(g) • 24 (hr) ; 
BMR ~ 0.758 ml 02·g· 1·hr·1 (Table 1). 
c IOQ10 FMR- 0.681 + 0.749 IOQ10W (g) for non-passerine birds. 
d FMR- 189.3 w0 .61 (kg) for all birds; 4.184 kJ·kcal-1. 
e ( ) = (measured/predicted ·1 00) -100. 
f• ~ Significant difference between measured and predicted FMR (f.< 0.05); 
t ~ 4.6 and 3.4, respectively. 
88 
low energy requirements (Chapter 1) , and seeking favorable 
microhabitats (Chapters II , Ill , V) . These similarities might be 
expected because the occupation of harsh environments , whether 
deserts or high , snowbound montane habitats, presumably requires 
energy-saving adaptations and activities. FMRs of ptarmigan 
species di rectly measured with DLW may prove to be lower than 
those estimated from consumption rates . 
Blue grouse do not have an abnormally low SMR based on 
predictive equations (Table 4) . However, the FMR:BMR ratio is low 
(1 .6, Table 12) compared to the average ratio of 2-3 for birds and 
small mammals (Robbins 1983). Therefore, the energy costs other 
than BMR of other species are almost 1.6 times higher than these 
costs for blue grouse . The significance of these reduced energy 
costs of blue grouse is enhanced because of their normal SMR. 
Behavioral and physiological adaptations presumably allow blue 
grouse to minimize energy costs . The allometric FMR equations of 
Nagy (1987) and Walsberg (1983) (Table 12) indicate that these 
adaptations provide for about a 25% energy-savings based on 
measured FMR. The larger values from Nagy's equation may reflect 
his use of many breeding birds in developing the equation , as well 
as the less precise, variable methods used by Walsberg . 
The similarity of the FMRs of wild and captive blue grouse (4 
of 7 wild grouse had lower C02 production estimates than the 
average for captive grouse, Table 11) illustrates the ability of blue 
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grouse to reduce energy costs . The captive blue grouse were 
exposed to warm temperatures (T a) without wind , whereas the 
wild grouse experienced a variety of weather conditions (Table 1 0) . 
No relationship was apparent, however, between FMR and weather 
conditions . The lowest FMRs (1.2 times SMR) occurred at the 
warmest and coldest T as. The wild grouse must have occupied 
microhabitats (Chapter Ill) protected from the wind and/or open to 
direct solar radiation because wind speeds at the study area would 
significantly increase energy costs at the average T a (-4.5 C) . 
Because wild grouse were not exposed to extremely stressful T as 
(only grouse 7M and SM experienced nocturnal T as below the LCT of 
-10 C, Chapter 1), thermoregulatory costs of captive and wild 
grouse were relatively similar . It follows that the remainder of 
the energy costs, mainly activity, also were similar . Therefore, 
the relative inactivity of captive grouse, in conjunction with the 
similar FMRs of the wild and captive birds, suggests that activity 
reduction is used as an energy conservation strategy by free-
ranging blue grouse. 
Daily winter energy expenditures of blue grouse were 
previously estimated as 1.25 times RMR (Chapter 1), by using 
average microclimatic values in equation 9 (Chapter Ill) . These 
estimates (581 and 560 kJ) were 15 and 12% lower than the 
average measured FMR (657 kJ), respectively. They are both within 
10% of the measured FMR, however, if grouse 5J is omitted. The 
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daily energy assimilation of Douglas-fir by captive blue grouse is 
641 kJ (Remington 1986). This intake level provides 2% less than 
the average FMR, or 6% more than the average when grouse SJ is 
excluded. This positive energy balance may be minimal because 
consumption rates by confined captive birds are likely lower than 
those of active wild birds (Moss 1977) . Further, 3 of 7 wild grouse 
had FMRs of only 1.2 times SMR which would result in potential 
energy surplus of 25%. All wild grouse essentially maintained or 
slightly gained weight over the 48 hr period, except grouse SJ 
(extended movement) and grouse 9A, which lost 6 and 4% of their 
body weight, respectively . Interestingly, grouse ?A and 8A gained 
weight despite facing the coldest weather. Because this study 
included only male grouse, and females weigh about 200 g less 
(Johnsgard 1973), it is possible that female grouse incur higher 
thermoregulatory costs , and subsequently , higher FMR/SMR ratios . 
However, weights of adult and juvenile females captured at the 
study area were within the range of weights of the experimental 
wild male grouse. 
The relatively low variation among the FMRs of wild male blue 
grouse provides substantial evidence of their extreme 
physiological tolerance and behavioral adaptability to survive the 
diverse environmental conditions at their wintering areas . 
Microhabitat selection, relative inactivity , sunning, and occasional 
snow roosting are behaviors observed in wild blue grouse in this 
study . 
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The low energy costs above SMA indicates that these 
behaviors are likely essential in limiting energy costs of blue 
grouse in winter . The habitat features of their environment 
become interrelated in importance by providing adequate food and 
shelter . There appears to be little energetic constraint on blue 
grouse occupying suitable habitat during winter , and the 




WINTER ENERGY-SAVING BEHAVIORS OF BLUE GROUSE 
Behavioral adaptations are an important aspect of the study of 
species-habitat relationships (Calder and King 1974, King 1974). 
The importance of behavioral adaptations for conserving energy is 
greatest in seasons of lim ited resource availability . Specific 
behaviors which have significant influence upon energy 
expenditures need to be identified to best understand overwinter 
strategies of northern homeotherms . Thermoregulatory costs are 
often lowered by specific behaviors (e .g., sunning, microhabitat 
selection) , (Lustick 1980) . Furthermore , the relative amount of 
energy expended in locomotion can be minimized with behavioral 
adjustments (Robbins 1983) . 
Winter is likely the resource limited season for northern 
tetraonids . Therefore , specific behavioral adaptations of blue 
grouse which lower energy expenditure should be identifiable in 
winter. Many northern tetraonids , including the capercaillie , hazel 
hen (Tetrastes bonasja) , black grouse, and willow grouse, are 
known to snow roost daily throughout winter (Korhonen 1980 , 
Marjakangas et al. 1984) . The extent of snow roosting by blue 
grouse is not well documented. Reports conflict with regard to 
their relative amount of ground activity and movements in winter 
(Marshall 1946, Wing 1947, Caswell 1954, Cade 1985) . Hoffman 
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(1961) suggested that roosting blue grouse favored the south sides 
of trees exposed to direct sunlight. The objective of this study 
was to identify blue grouse energy saving behaviors in winter. The 
behaviors studied were sunning, snow roosting , and walking . 
METHODS 
Sunning Behavior 
Blue grouse were actively searched for on a daily basis after 
0900 hr in December-March , 1985 and 1986. A grouse was 
identified as roosting only if the bird was actually roosting (vs . 
standing) and appeared in a non-alarmed state (e.g. crown feathers 
were not raised) . A grouse was described as sunning if one-half or 
more of its body was receiving direct insolation . Only non-radioed 
blue grouse were observed in 1985, wh ile both rad io-collared and 
non-radioed grouse were observed in 1986. 
Walking Activity and Snow Roosts 
Blue grouse tracks and snow roosts were located while 
traversing the study area on snowmobiles and snowshoes. In 1986, 
all grouse tracks were followed from origin to end. This procedure 
provided an estimate of the distance traveled and an additional 
opportunity for locating snow roosts . Each set of tracks was 
categorized as either uphill, downhill , or across hill . 
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RESULTS 
A total of 156 days were spent in the study area during the 2 
winters. One to 3 people surveyed the study area each field day. In 
1985, on days with available solar radiation , 55 of 78 (70%) blue 
grouse observed were sunning. In 1986, 61 of 85 (72%) were 
observed sunning (Table 13) . The 2 year average was 71%. The 
majority of these grouse were roosting in Douglas-firs, 
immediately adjacent to the tree trunk. 
Twenty-five and 28 snow roosts were located in 1985 and 
1986, respectively (Table 13) . All snow roosts were formed by 
grouse tunneling into the snow rather than flying into the snow. 
The majority of snow roosts were located away from trees in 
clearings . Snow roosting activity peaked during , and 1-2 days 
after major snowstorms ( >0 .3 m snowfall) . In 1 evening, 11 snow 
roosts were found within a single 30 m diameter area. Two grouse 
were flushed from this area. 
A total of 129 sets of grouse tracks greater than 5 m in length 
was followed : 44 were a single set of tracks , and 30 were of 
tracks of an average of 3 birds per group. The maximum number of 
birds traveling together was 10. Eleven sets of tracks were 
greater than 100 m, the longest was approximately 1000 m. 
Tracks less than 100 m averaged approximately 45 m in length . 
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Table 13. Incidence of specific energy saving activities during 
winter by blue grouse, Logan Peak, Utah . 
Track Orientation 
uphill downhill across hill 
aNumber of observations. 
b% of observations. 
Frequency of Sunning Number of Snow Roosts 
1985 1986 1985 1986 
55(70) 61 (72) 25 28 
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Seventy-one percent of the tracks were uphill, 28% across hill, and 
1% downhill (Table 13, Fig . 11). 
DISCUSSION 
The frequent sunning behavior by wintering blue grouse 
suggests that solar radiation is used as a heat source to aid 
thermoregulation . Insolation is a heat source which reduces energy 
expenditure at ambient temperatures (Tal below the lower critical 
temperature (LCT) (Gessaman 1973b) . This effect has been 
documented in numerous bird species including cowbirds (Lustick 
1969) , roadrunners (Ohmart and Lasiewski 1970) , American 
kestrels (Hayes and Gessaman 1980), and in this study blue grouse 
(Chapter 1) . Solar radiation also moderates the effect of wind on 
metabolism (Hayes and Gessaman 1980). 
Although the average T a (-8 C) in winter at the study area was 
above the LCT of blue grouse (-10 C), Tas did fall below the LCT 
and wind was normally present at diurnal roost sites (Chapters I 
and Ill). Winds that occur while grouse are in their thermoneutral 
zone cause an increase in metabolism (Chapter I) . Therefore, 
insolation may maintain thermoneutral conditions of blue grouse at 
roost sites with minimal wind speeds . The large, dark tree trunk 
and roosting branch at typical diurnal roost sites would serve as 
adjacent heat absorption and reradiation surfaces (Chapter II) . 












Uphill Across hill Downhill 
Track Orientation 
Figure 11 . Frequency of the orientation of blue grouse 
tracks during winter, Logan Peak, Utah. 
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sites likely provided thermoneutral microhabitats without solar 
radiation , although the actual conditions were unknown. When 
windless conditions existed at roost sites , T as were within the 
thermoneutral zone of blue grouse (Chapter Ill) . 
Snow roosting is apparently not a predominant behavior of blue 
grouse as it is of other northern tetraonids . Blue grouse snow 
roosts have been reported generally as only incidental observations 
(e .g. , Marshall 1946, Cade 1985) . Snow roosts , however, have the 
potential of providing a grouse a windless microhabitat where T a 
is close to 0 C (Korhonen 1980, Marjakangas et al. 1984) , 
thermoneutral conditions for most northern tetraonids. The fact 
that most snow roosts found in this study were made during or 
immediately after snowstorms suggests that the birds were 
seeking shelter from particularly extreme windy and snowy 
conditions . The powdery snow conditions after major snowstorms 
are not conducive for blue grouse travel on the ground. Thus, the 
association of snowstorms and snow roosting is strengthened by 
the fact that few snow roosts were found at the origin of the 129 
tracks followed in 1986. 
Wind is a significant energy drain on blue grouse (Chapter I) 
and heat loss is great at high winds which disrupt the plumage and 
penetrate to the skin (Kelty and Lustick 1977, Hayes and Gessaman 
1980). The effect of blowing snow on metabolism has not been 
studied, however, rain can cause increased metabolism in birds due 
to feather matting and a resultant reduction in the insulative 
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properties of the plumage (Lustick and Adams 1977, Stalmaster 
and Gessaman 1984) . The combination of high winds and snow 
would likely expose a grouse's skin to wetting which would 
increase rate of heat loss . 
A snow roost would provide a blue grouse a thermoneutral 
microhabitat which allows the maintenance of dry plumage . The 
value of snow roosts should be greatest during prolonged 
snowstorms (e.g . > 24hr) . The low number of snow roosts I found , 
however, suggests that subalpine firs , the preferred nocturnal 
roost tree (Chapter II), often provided adequate shelter during 
snowstorms. Radio-collared blue grouse (Chapter II) were located 
in subalpine firs on the same nights that other grouse were flushed 
from snow roosts . Favorable conditions for snow roosting were 
presumably available , and fairly constant, due to the high 
frequency of snowstorms throughout winter . Crusted snow 
conditions occurred for only a 3 day period during 1 winter. The 
low frequency of snow roosting is perhaps not surprising based on 
measurements at nocturnal roost sites , which indicated that blue 
grouse are exposed to near windless conditions at T as within their 
thermoneutral zone (Chapter Ill) . It is possible that the ability to 
snow roost would allow blue grouse to overwinter in areas without 
ideal conifers, much like other northern tetraonids (e.g., willow 
grouse) . However, the extent of occupation of such habitats may be 
100 
dictated by severity of winters in relation to snow depth and snow 
crust hardness. 
The frequency with which tracks were found suggests that 
blue grouse commonly spend time on the ground during winter. The 
length of many of these tracks further suggests that walking is a 
common means of travel between feed ing and/or roosting sites . It 
is presumed that walking accounts for much of the ir extended fall 
migration . Wing (1947) reported that blue grouse regularly 
traveled on the ground in winter. In contrast , Marshall (1946) 
found few tracks. Movements of more than 100 m were reported by 
Caswell (1954), but not by Cade (1985) . Although blue grouse are 
adapted for snow travel by their pectinate toes , snow conditions , 
such as deep powder, likely influence the frequency of this mode 
of travel. 
Blue grouse may travel on the ground extensively because the 
energetic cost of flight between trees may be greater than the cost 
of walking . The energy cost of walking 45 m, the average track 
length , was calculated from horizontal locomotion equations for 
birds (Fedak et a/. 1974), bipeds (Paladino and King 1979), and 
domestic fowl (~ domesticus) (Brackenbury and Avery 1980). 
The cost of walking 45 m ranged from 0.406-0 .657 kJ (x = 0.569 
kJ) for an 1100 g blue grouse (Table 14) . The average cost of flight 
for most actively flying birds is 12 times the basal metabolic rate 
(BMR) (Robbins 1983) . Because the blue grouse is not an active 
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Table 14. Predicted costs of locomotion for an 1100 g blue grouse 
over the average blue grouse track length found during 
winter, Logan Peak, Utah . 
Equation - Activity 
Energy Cost 
Over 45 m (kJ) 
ay = 11 .81 w -0.20- walking 0 .548 
ay = 20.24 w -0.32 - walking 0 .406 
by = 0.66 · kg -1 · m· 1 - walking 0.657 
12 x BMRC - flying (7.5 m · s· 1) 0.334 
15 x BMRC · flying (7.5 m · s· 1) 0 .418 
ay = kcal · kg· 1 · km· 1• W =g. 
by= ml 02. 
cBMR = 0.758 ml 02 · g-1 · hr"
1. 
Reference 








flyer , flight costs were estimated as 12 and 15 times BMR (0.758 
ml o2·g-1·hr-1 , Chapter I) at a fl ight speed of 10 m · s - 1 . The 
cost of fly ing 45 m at 12 and 15 times BMR at 7.5 m · s -1 (1 7 
m.p.h) was 0.334 and 0.418 kJ, respectively (Table 14) . Thus, the 
estimated cost of fly ing (15 times BMR) was similar to the 
minimal cost of walking . Most tracks (71%) encountered, however, 
went uphill. Because the energy cost of flight during ascent is 
much higher than horizontal flight (Tucker 1969, Schmidt-Nielsen 
1972) , and terrestrial ve rtical ascent is relatively eff icient for 
smal ler animals (Taylor et al. 1972) , walking between trees may 
have been an energy conserving behavior. The absence of downhill 
tracks suggests that blue grouse fly downhill which would appear 
more energy effic ient than walking because downhill flight is 
largely pass ive (i.e ., glid ing) . It is also possible that the heat 
generated from walking at cold temperatures is substitutable for 
thermoregulatory requirements (Paladino 1985) . Only 5 blue 
grouse were observed on the ground which suggests that walking 
occurred at early morning hours (the coldest part of the day) before 
arrived at the study area. 
Further, the aerobic capacity of domestic fowl (2 .5 kg) was 
measured as 12 t imes the resting metabolic rate (RMR) 
(Brackenbury and Avery 1980) , a figure equal to the flight cost of 
similar-sized birds based on Berger and Hart's (1974) equation . 
Brackenbury and Avery (1980) questioned the take-off and climbing 
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ability of hypothetical birds of similar aerobic capacity, and felt 
that the low aerobic capacity of galliforms explained their 
apparent inability to sustain flight. The uphill walking behavior of 
blue grouse supports their hypothesis. If the aerobic capacity of 
blue grouse is only sufficient to initiate and maintain short 
flapping flights , flight, particularly ascent , should be replaced , 
when possible, by walking . 
If walking represents an energy-saving behavior, the apparent 
increased exposure to predation while walking represents a 
survival conflict . Goshawks were the only common predator 
identified at the study area. However, goshawk kills were not 
associated with blue grouse tracks, and it was believed that 
goshawk attacks occurred while blue grouse were feeding . Walking 
may represent an energy-saving , predator avoidance strategy as it 
seemingly occurred at low-light around dawn, prior to active 
hunting by goshawks. During a 3 day period of crusted snow, a 
walking blue grouse was apparently ambushed by a bobcat (~ 
r..u..t.u..a) . The typical soft snow conditions within the study area 
likely prohibited travel by bobcats as this was the only occurrence 
of bobcat tracks . 
Observations of blue grouse and interpretation of their tracks 
indicated that energy saving behaviors are an important aspect of 
blue grouse wintering strategy. Sunning, a common behavior, 
apparently allows grouse to roost at sites where wind may 
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otherwise preclude use. Blue grouse may thus roost in the trees in 
which they feed (i .e., Douglas-fir) rather than move to more 
protective trees (i.e ., subalpine firs) between feeding bouts, 
thereby minimizing energy expenditure associated with 
movements . Snow roosting , although not a common behavior, 
offers potential energy savings during extreme , stressful 
environmental conditions. The disproportionate amount of uphill 
walking appears to reflect an active choice of energy conservation 
in daily movements between use-trees. 
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CONCLUSIONS 
Blue grouse in the Intermountain West typically overwinter in 
open con iferous stands of Douglas-fir at elevations above 1830m 
(6000 ft) (Marshall 1946, Caswell 1954, Stauffer and Peterson 
1982, Cade 1985) . Th is choice of winter habitat requi res a 
vertical , fall migration into an extremely harsh environment, much 
in contrast to the behavior of most homeotherms . Consequently , 
the maintenance of a favorable winter energy balance by blue 
grouse should reflect unique adaptive strategies. 
Blue grouse have a relatively lower SMR (0 .835 ml o2 ·g-1 
·hr-1) and LCT (-10 C in darkness, and at least -15 Cat high solar 
radiations) than other northern tetraonids , and a reasonably high 
tolerance of the energy draining effects of wind. Metabolic rates 
of blue grouse fed Douglas-fir did not significantly increase from 
-5 to -20 C. 
The blue grouse wintering area was dominated by large 
Douglas-firs and subalpine firs in both clumped and fairly open 
stands. Blue grouse selectively roosted in Douglas-firs during the 
day and subalpine firs at night. Douglas-fir use-trees were 
atypical in growth with larger dbh (65.0 em) and shorter height 
(18 .3 m) than the average Douglas-fir . Subalpine fir use-trees 
were larger than the average subalpine fir . Diurnal and nocturnal 
roosts were typically adjacent to tree trunks in the lower 2/3 of 
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trees . Nocturnal roosts provided greater canopy coverage than 
diurnal roosts (96 and 78%, respectively) . Nocturnal roosts were 
usually located in larger continuous stands and provided denser 
shelter than diurnal roosts . 
Microclimatic monitoring of blue grouse roost sites indicated 
that they provided thermoregulatory advantages in comparison to 
an exposed control site, particularly by reducing convective heat 
loss. Wind speed was reduced by 63 and 85% at diurnal and 
nocturnal roosts, respectively . Douglas-firs provided exposure to 
solar radiation , protection from wind, and a food source during the 
day . Subalpine firs increased protection from wind and provided 
near maximum canopy coverage at night. The average T a was about 
-5.5 C and was within the thermoneutral zone of blue grouse , 
although T as below the LCT did occur. Predictive metabolic 
equations showed that energy costs at average microclimatic 
conditions were 15% less than the energy assimilation by captive 
grouse. Nocturnal subalpine roost sites provided a 10% net energy 
savings in comparison to diurnal Douglas-fir roost sites . In late 
winter, just prior to the breeding season, blue grouse realize an 
increasing positive energy balance. 
The measurement of FMR with DLW showed that energy costs 
of captive and wild blue grouse were similar. There was little 
difference among FMRs of wild blue grouse exposed to variable 
weather conditions. The average FMR of wild grouse was 1.4 times 
107 
SMA and was about 30% lower than predicted values. The 
proportion of FMR due to BMR was twice that commonly assumed 
for other species indicating that behavioral and physiological 
adaptations of blue grouse significantly minim ize energy costs . 
Important behaviors include microhabitat selection and relative 
inactivity. FMR measures were within 12% of the energy costs 
estimated from average microclimatic values, and were 
essentially equal to the daily energy assimilation by captive 
grouse. 
Three energy saving behaviors identified for blue grouse were 
sunning, snow roosting , and walking uphil l. Over 2 winters , 70% of 
observed blue grouse were sunning . The majority of these were 
roosted on large branches next to tree trunks that provided 
adjacent heat absorption and reradiation surfaces . Snow roosting 
was not a common behavior except during, and immediately after, 
major snowstorms. Apparently blue grouse sought shelter in snow 
roosts from extremely snowy and windy weather . The high 
incidence of tracks indicated that blue grouse commonly traveled 
on the ground. The preponderance of uphill tracks (71 %) , and lack 
of downhill tracks (1 %), suggests that walking is an energy 
conserving mode of locomotion ; predicted energy costs of walking 
and horizontal flight over equal distances were similar . The 
aerobic capacity of blue grouse, if similar to domestic fowl , may 
limit their abilities for sustained uphill flight. 
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The results of this study indicate that winter imposes little 
energetic constraint on blue grouse occupying suitable habitat. 
However, habitat alteration and variable weather conditions could 
influence the energy balance of overwintering blue grouse . 
Equation 9 (MR = 0.835 + 0.269u0 .5 - 0.024T al in combination with 
roost site microclimatic conditions, provides a tool to predict the 
energetic consequences of such changes . The elimination of 
subalpine fir would elevate nocturnal energy costs 10% if 
alternative protected roost sites were not available . Similarly , if 
T a was 5 C colder, or wind speed was 0.5 m·s-1 greater, daily 
energy costs wou ld increase 10 and 6%, respectively. In 
combination , these increases would elevate energy costs to the 
energy assimilation level of captive grouse. Elevated energy costs 
could be greatest for females because of their smaller size. The 
consequences of the lack of a positive energy balance in late 
winter could be extremely detrimental to the fitness and 
reproductive potential of blue grouse in spring . It should be 
recognized that the use and application of these data and equation 
9 in other areas may be limited because of differences in forest 
stands , tree species , weather conditions , and blue grouse 
behavioral strategies. However, the close agreement of the DLW 
measurements and predictive energy costs based on roost 
microclimatic data and equation 9 lends support for their use in 
similar areas . 
Snow apparently has less of a direct influence on overwinter 
109 
blue grouse survival than forest components. However, a lack of 
snow may pose significant problems . From the thermoregulatory 
standpoint, it may be vital that blue grouse have the option of snow 
roosting in extremely adverse weather , particularly in winter 
habitats affording less vegetative protection than the area studied . 
Predation may also dramatically increase with a lack of snow 
because ground predators, such as bobcats, could occupy wintering 
areas. Blue grouse may increase their ground travel due to the lack 
of snow and thereby increase their exposure to predation. Because 
blue grouse apparently experience little overwinter mortality , 
significant predation would likely be additive mortality, and 
possibly cause subsequent reduction of spring breeding populations. 
Habitat selection by blue grouse, particularly microhabitat 
selection of roost sites , reflects active choices designed to 
minimize energy costs imposed by weather conditions 
characteristic of their wintering areas . The selection of specific 
trees and roost sites by blue grouse indicates that certain 
vegetative components of the habitat may be critical for 
overwinter survival. In particular, the forage of large Douglas-firs 
and the protection afforded by large subalpine firs seemingly 
provide essential needs and a positive energy balance for blue 
grouse on the study area. Because overwinter survival of blue 
grouse is implicably related to the food and shelter afforded by 
specific coniferous habitats, such habitats should be considered 
llO 
critical for survival of blue grouse . Forest and wildlife managers 
need to recognize the significance of those habitats which are blue 
grouse wintering areas . It is crucial that these areas be identified 
and preserved because these old age stands are irreplaceable from 
the perspective of reasonable stand regeneration time, and loss of 
a wintering area may eliminate the local blue grouse population . 
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Table 15. Microclimatic characteristics of 2 diurnal blue grouse roost sites 
and a control site , 0600-1800 hr, 24 December-5 January 1985, 
Logan, Utah . 
------------N1-a-----------N2 ___________ N"cfl _____ _ 
x ± SE -6.1 .±. 0 . 3 • - 2. 2 .±. 0 . 9 • 1 5. 8 .±. 2. 2 
median -7 . 0 - 4.7 6 .8 
min -11.6 -25 .8 -70.2 
max 72.1 166 .8 242 .5 
S1C S2 sc 
x±SE 7.1 .±. 0 .4. 17 .2 .±. 0. 7 • 126 .8 .±. 7 .4 
median 5.2 16 .7 44 .7 
min 0 0 0 
max 62 .6 64 .8 531 . 1 
W1d W2 we 
X±SE 0 .63 .±. o . o3· 




X±SE -7 . 7 .±. 0 .1 
median -7.1 
min -13 . 6 
max -3.2 
aN = net radiation (W·m·2). 
be = control site. 
cs = solar radiation (W·m·2) . 
dw = wind speed (m·s·t }. 
ey = ambient temperature (C) . 





-6.8 .±. 0.2 
-6.5 
- 13 .5 
4.8 
= significantly different from control (E. < 0.05}. 





- 6 . 1 .±. 0.2 
-5.9 




Table 16. Microclimatic characteristics of 3 diurnal blue grouse roost sites and a control 
site , 0600-1800 hr, 10-21 January 1985, Logan , Utah . 
--------------------~a-----------------N2 _________________ N3 ________________ NcE--
x±sE - 10 . 1 ±. 2.3· 2 .7 ±. 1.4· 13 .8 ±. 2 .7· 31 .0 ±. 3 .5 
median - 2 . 3 - 7 . 0 - 4 . 7 9. 1 
min - 13 .9 - 20 .9 -108 . 1 - 68 .0 
























-6.4 ±. 0 .2 
-6 . 0 
- 15 .6 
-1 . 4 
S2 










-6 .0 ±. 0.2 
-5.8 
-16 . 5 
3.2 





±. 3 5• 
W3 





-6.1 ±. 0 .2 
-6 . 0 
- 1 6 . 6 
0.6 
sc 















bc = control site. 
cs = solar radiation (W·m-2) . 
dw ~ wind speed (m·s·1 ). 
~ = ambient temperature (C). 




Table 17. Microclimatic characteristics of 3 diurnal blue grouse roost sites and a control 
site , 0600-1800 hr, 21 January-1 February 1985, Logan , Utah . 
-------------------N1a _________________ N2 _________________ N3 ________________ N_cb--
x ± SE 3 9 . 7 ±. 5 . 1 · 5 . 5 ±. 0. 9 • 0 . 3 ±. 2 . 8 • 31 . 7 ±. 3. 6 




x±SE 64.7 ±. 5.9· 
median 33 . 1 
min 0 
max 512 .4 
w1d 
x±SE o.22±. o .o1· 
median 0 .10 
min 0 
max 1 .00 
T1e 
x±SE -1 0.2 ±. 0.3 
median -9.4 
min -26 . 1 
max 2.7 
- 10 .5 · 9 . 4 2.3 
· 58 .2 - 5 .7 ·61 .2 
107 .0 312 .5 237.9 
S2 










-10.4 ±. 0 .9 
·9 .2 
-25.7 
- 3 .8 
S3 










-10.4 ±. 2 .8 



















bc = control site. 
cs = solar radiation (W·m·2) . 
dw = wind speed (m·s·1 }. 
er = ambient temperature (C). 
= significantly different from control (E. < 0.05). .... 
N 
"' 
Table 18. Microclimatic characteristics of 3 diurnal blue grouse roost sites and a control 
site , 0600-1800 hr, 16 February-1 March 1985, Logan, Utah . 
N1a N2 N3 Ncb 
X"±SE -1 0.2 ±. o.a· 45 .8 ±. 5.8 80 .8 ±. 7.9 64.2 ±. 5.0 
median · 6.9 3 .5 7 .0 40 .8 
min -53 .2 - 69 .8 -51.7 - 81.6 
max 97 .1 472 .4 512 .3 373 .9 
S1C S2 S3 sc 
x±SE 25 .2 ±. 1 .o· 105 .9 ±. 7 .a· 122.9 ±. 9 .o· 253 .0 ±.12.4 
median 27.9 43 .5 43 .5 166.9 
min 0 0 0 0 
max 158.6 662 .2 668 .2 681.1 
W1d W2 W3 we 
x±SE o.7o ±. o .o3· o .3.7 ±. o . o2· o .35 ±. o.o3· 2.32 ±. 0 .07 
median 0 .60 0.30 0 .10 2 .30 
min 0 0 0 0 
max 2.80 2.40 2.30 5.80 
T1e T2 T3 TC 
x±SE -7 . 9 ±. 0 .2 - 6.8 ±. 0.2 -6 .8 ±. 0.3 -6 . 6 ±. 0 .2 
median -8 . 0 - 7 .0 -7 . 3 - 6 .8 
min -15 . 1 -15 .9 -15 .4 -16.5 
max 0 .8 3 .1 3 .3 2 .6 
aN--:~~d~tio~(w-~~-------------------------------------------------------------
bc = control site. 
cs = solar radiation (W·m -2) . 
dw = wind speed (m·s·1) . 
er = ambient temperature (C) . 
= significantly different from control (.E. < 0.05). ~ w 
C) 
Table 19. Microclimatic characteristics of 3 diurnal blue grouse roost sites and a control 
site, 0600-t800 hr, 1-15 March 1985, Logan, Utah. 
------------------------------------------------------------------------------------
N1a N2 N3 Ncb 
x±SE -0 . 2 ±. 1.9 8 .9 ±. 4.0 53 .5 ±. 6.6 na 
median 0 - 9 .3 0 na 
min -87.8 -65.2 -30 . 5 na 
max 228.8 528.2 622.8 na 
S1C S2 S3 sc 
x .± SE 53.8 ±. 1. 9. 101.3 ±. 8.6· 76.8 ±. 6. 7. 241.5 ±11.0 
median 55.8 29.5 27.8 186.3 
min 0 0 0 0 
max 270.2 738 .7 709.0 753.6 
W1d W2 W3 we 
lC.:tSE 0.11 ±. 0 .003• o.57 ±. o.o3· o.83 ±. o.o5· 2.40 ±. 0.06 
median 0.10 0.40 0.40 2.50 
min 0 0 0 0 
max 0.40 2.10 3 .90 5.60 
T1e T2 T3 TC x .:t SE -8.6 ±. 0 .3 -7.3 ±. 0.3 -7.9 ±. 0.3 -6.5 ±. 0.3 
median -7.7 -6.6 -7.8 -5.7 
min -18.4 -17.2 -17.8 -16.9 
max 2.5 4.8 6.3 4.5 
aN--:-~~~~tio~w-m-2).-------------------------------------------------------------
bc = control site. 
cs = solar radiation (W·m-2) . 
dw = wind speed (m·s-1 ). 
er = ambient temperature (C). 
= significantly different from control (E. < 0.05). ~ w 
~ 
Table 20. Microclimatic characteristics of 3 diurnal blue grouse roost sites and a control 
site, 0600-1800 hr, 20-31 December 1985, Logan , Utah . 
N1a 





x±SE 93 .7 ±. 5 .8· 
median 52.3 
min 0 
max 474 . 1 
W1d 
x±SE o. 28 ±. o .o1· 
median 0 .27 
min 0 .04 
max 0.83 
T1e 
x±SE -4.3 ±. 0.1 
median -4 . 1 
min -11.1 
max 2.2 
aN = ne1 radiation (W·m-2). 
be ~ control site. 
cs = solar radiation (W·m-2) . 
dw = wind speed (m·s-1 ). 
er = ambient temperature (C). 
N2 
17 .4 ±. 1 .9 
4.7 
- 9 .3 
223 .40 
S2 














= significantly different from control (!: < 0.05). 
N3 N 
4 .5 ±. 0 .3 24.6 ±. 3.8 
2.3 - 9 . 1 
-4 . 7 - 68 .0 
54.1 176.7 
S3 sc 
18.8 ±. 1 .5· 150 .4 ±. 7 .6 
9 .3 47 .2 
0 0 
216 .6 448 .5 
W3 we 
2.09 ±. 0 .04 2.05 ±. 0.03 
2.24 2.00 
0 .02 0 
4.06 4.55 
T3 TC 
-4 .3 ±. 0 . 1 -3.4 ±. 0.2 
-4 . 1 -3.6 
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Table 21 . Microclimatic characteristics of 3 nocturnal blue grouse roost sites and a control 
site, 1800-0600 hr, 18 March-3 April 1985, Logan , Utah . 
-------------------N1a _________________ N2 _________________ N3 ________________ N_cb ____ _ 
x ± SE -4 . 1 ±- 1 . 1 - 1 9 . 2 ±- 0. 5 - 9 . 2 ±- 0. 1 - 1 5 . 2 ±- 1 . 0 
median - 4 6 - 1 7 . 5 - 9 . 4 - 4 . 5 
min -13 9 -3 7 .2 -14.6 -65.7 















-5 . 9 ±_ 0 .2 









-5 .2 ±_ 0 .2 









- 6 .2 ±_ 0 .2 









-5.2 ±_ 0 .2 




bc = control site. 
cs = solar radiation (W·m-2). 
dw = wind speed (m·s-1 ). 
8T = ambient temperature (C) . 
~ significantly different from control (.E. < 0.05) . 
~ 
w ..,. 
Table 22. Microclimatic characteristics of 3 nocturnal blue grouse roost sites and a control 
site , 1800-0600 hr, 2-14 January 1986, Logan , Utah . 
N1a N2 N3 Ncb 
x±SE -10.8 ±. 0.1. - 2 3 ±. 0 2. 2 .9 ±. 0 1. - 46 .3 ±. 1. 1 
median -11 . 6 - 2 0 2 .3 -54.4 
min -23.1 -4 .7 13 .4 - 88 . 4 
max -4.6 0 3.8 - 2.3 
W1C W2 W3 we x±SE 0 .07 ±. 0 .001 . o .o8 ±. o . o1· 0 .38 ±. o .o3· 1.71±_0.06 
median 0 .07 0.02 0.02 1.58 
min 0 .04 0 0 0.02 
max 0 .13 0.85 2 .43 8 .43 
T1d T2 T3 TC 
x±SE -3.5 ±. 0 .3 -3 .2 ±. 0 .2 -3 . 5 ±. 0 .3 -3 .9 ±. 0 .2 
median -3 . 2 - 2 .7 -3.0 -3 . 1 
min -1 5.4 -12 .6 -13 . 4 -13 .6 
max 3.3 3 .5 3 .8 3.0 
aN--:-~~~~d~;~~(Yi-~~2~------------------------------------------------------------------
bc = control site. 
cw = wind speed (m·s·1 ). 
dT = ambient temperature (C). 




Table 23. Microclimatic characteristics of 3 nocturnal blue grouse roost sites and a control site, 
1800-0600 hr, 14-26 January 1986, Logan, Utah. 
N1a N2 N3 Ncb 
i<±SE -8.6 ±. 0.1 •• -2 .3 ±. 0 1. -2.5 ±. 0.1. -21.7 ±. 1.4 
median -9 2 -2.3 2.3 -9.1 
min -9.2 -4 . 7 0 -70.2 
max -6.9 0 4. 7 -4.5 
W1C W2 W3 we 
i<±SE o.27 ±. o.o1· o.81 ±. o.o3· 0.30 ±. 0 .01. 2.53 ±. 0.07 
median 0.20 0. 70 0.20 2 .50 
min 0 0 0 0 
max 1.20 3 .10 1.30 5.50 
T1d T2 T3 TC 
i<±SE -5.6 ±. 0.2 -5 .3 ±. 0.2 -5 . 5 ±. 0.2 -5.0 ±. 0 .2 
median -5.1 -4 .9 -5 .0 -4.6 
min -13.1 -13 .0 -13 .2 -13.4 
max 3.2 4.4 3.8 4 .3 
aN--:-~~~;d~t;~;(w~~~2~---------------------------------------------------------------------
bc = control site. 
cw = wind speed (m·s-1 ). 
dT = ambient temperature (C). 
~ significantly different from control (E. < 0.05) . 
= significantly different from control (E. < 0.1 0) . 
-w 
"' 
Table 24. Microclimatic characteristics of 2 nocturnal blue grouse roost 
sites and a control site, 1800-0600 hr, 26 January-1 0 February 
1986, Logan, Utah . 
---------N1a:-----------N2 _ _ ______ ____ N'cb ___ _ 
x±SE - 11.1 ±..0 . 1· -4 .9 ±..0 .1• -2 9 .3 ±..0 .8 
median - 1 1 . 6 -4 . 7 - 2 2 . 7 
min -13.9 -7 . 1 -63 . 5 















- 8.8 ±.. 0 .3 
-11 . 1 
- 19 .6 
2. 7 
W2 





· 8 .3 ±.. 0.3 
-10 . 6 
-19 . 6 
2.9 
we 










bc = control site. 
cw = wind speed (m·s-1 ). 
ctr = ambient temperature (C) . 
= significantly different from control (E. < 0.05). 
~ 
w ..... 
Table 25. Microclimatic characteristics of 2 nocturnal blue grouse roost sites 
and a control site , 1800-0600 hr, 28 February-9 March 1986, 
Logan, Utah . 
----------------------------------------------------------------------
N1a N2 NCb 
"X±SE 1.4 ±. 0 . 1. 0 .7 ±. 0.1. -49.7 ±. 1. 1 
median 2.3 0 -56.7 
min -2.3 -2 . 3 -86.1 
max 2.3 2 .3 - 4.5 
W1C W2 we 
il±SE 0.12 ±. o .o1· o.o7 ±. o.o1· 1.00 ±. 0.05 
median 0 .02 0.02 0.59 
min 0 0 0.02 
max 1 .92 0.91 5.69 
T1d T2 TC 
x±SE -1 . 6 ±. 0.2 -0.8 ±. 0.2 -1.5 ±. 1.1 
median 0 .4 1.3 0.3 
min -13.9 -14.3 -14.2 
max 4 .0 5.5 3 .9 
aN"--:--;;-~iati;;;-(w-m-=2~-------------------------------------------
bc = control site. 
cw = wind speed (m·s-1). 
dr = ambient temperature (C). 




Table 26. Microclimatic characteristics of 2 nocturnal blue grouse roost sites 
and a control site , 1800-0600 hr, 9-20 March 1986, Logan , Utah . 
-----------------------------------------------------------------------
N1a N2 NCb 
'X:tSE - 0 . 6 ±.. 0.1. 0 ±.. 0 .1. - 1 6 .4 ±.. 0.6 
median 0 0 -1 1 .3 
min - 4.7 -2.3 -65.7 
max 2.3 2.3 -2 .3 
W1C W2 we 
'X:tSE o .35 ±.. o.o2· 0.001 ±.. 0.001. 1 .37 ±.. 0.07 
median 0.10 0 0.80 
min 0 0 0 
max 2 .00 0.10 4 . 70 
T1d T2 TC 
'X:tSE -6 . 5 ±.. 0 .1 -6 .8 ±.. 0. 1 - 6 . 7 ±.. 0. 1 
median - 6.8 - 7 . 1 - 7 .0 
min -9 . 7 -9 . 9 -11.1 
max -3 . 9 -4 . 1 - 3 .8 
aN--:-net~~fi~W·m -2~------------------------------------------------­
bc = control site. 
cw = wind speed (m·s-1 ). 
dr = ambient temperature (C). 




Table 27. Microclimatic characteristics of 2 nocturnal blue grouse roost sites 
and a control site, 1800-0600 hr, 20 March-6 April 1986, Logan, 
Utah. 
----------------------------------------------------------------------
N1a N2 Ncb 
x±SE · 1 .3 ±. 0.1. · 6 4 ±. 0.2· ·52 .9 ±. 0. 7 
median ·2.3 ·4.7 · 54 .4 
min ·2 . 3 ·14 . 1 · 92 . 9 
max 2.3 0 2.3 
W1C W2 we 
x±SE o.o6 ±. o.o 1· o .24 ±. o .o2 · 1.53 ±. 0.03 
median 0 .02 0.04 1.40 
min 0 0 0.02 
max 0 .91 2.90 5. 15 
T1d T2 TC 
i1±SE · 0 .4 ±. 0 .2 ·0 .3 ±. 0.2 · 0 . 2 ±. 0.2 
median 1 . 1 0.9 0.2 
min -6 . 5 · 6.7 ·6 . 7 
max 8 .2 6.9 9.4 
aN--:~~diation (w·m~2~-----------------------------------------------­
bc = control site. 
cw = wind speed (m·s·1 ). 
~ = ambient temperature (C) . 
= significantly different from control (.E. < 0.05). 
-..,. a 
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APPENDIX C. INPUT DATA FOR CALCULATION OF FMR . 
Table 28. Input data for calculation of FMR with DLW. 
Time 1 (d,hr) WGT 1 (g) TBW 1 (ml) 01 (cpm) 18o 1 (Atom %) D (bkg)a 
~ Ii!ll!! 2 (db[) ~ IB:il 2 (wll !l2.....Wlml. 18Q 2 (1\IQ!Il •t,) 1 8 Q...1llllgl 
1A 1, 10:55 1276 839.1 14713 0.3694 -8 1 
3, 11 :37 1215 799 .0 13641 0.3430 0.2029 
1A 3, 11 :37 1215 799 .0 13641 0 .3430 -8 1 
5, 11 :35 1154 758.0 11426 0 .3062 0 .2029 
2A 1, 11 :24 1263 830 . 5 15218 0.3735 -81 
3, 11 :48 1225 805.6 13950 0.3442 0.2029 
2A 3, 11:48 1225 805. 6 13950 0 .3442 -8 1 
5, 11 :55 1175 772.7 12360 0.3166 0.2029 
3A 1, 13:09 1098 727. 8 5244 0.4884 -81 
3, 16:55 1170 775.5 3129 0 .3579 0 . 2029 
4J 1, 10:35 945 622 . 0 5791 0.5194 -81 
3, 16:20 935 615 .0 4021 0.4004 0 . 2029 
5J 1, 11 :10 1240 824 . 0 4653 0.4 733 -81 
4, 15:00 1160 771.0 3157 0 .3463 0.2029 
SA 1, 11 :25 1070 719.9 5585 0 .5013 -81 
3, 16:30 1065 716.5 3635 0.3765 0 .2029 
7A 1, 11:29 1033 662 . 5 5363 0.5065 -81 
3, 14:49 1055 676 . 6 3204 0.3599 0 .2029 
8A 1, 11 :23 1192 784 .3 4958 0 .4811 -81 
3, 15:24 1225 806 . 1 3493 0.3803 0 . 2029 
9A 1, 11 :47 1351 870.9 15972 0 .3849 -81 
3, 15:40 1295 834 .8 12704 0.3320 0.2029 
3 bkg - background concentrations. 
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